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ABSTRACT 



Clot-specific streptokinase proteins possessing altered plas- 
minogen characteristics, including enhanced fibrin selectiv- 
ity. The kinetics of plasminogen activation by these proteins 
arc distinct from those of natural streptokinase, in that there 
is a temporary delay or lag in the initial rate of catalytic 
conversion of plasminogen to plasmin. Also disclosed are 
processes for preparing the prntoiri^. 
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Fig, 1 



(A) FBD(1,2) fused at the C-terminal of SK 



1 1 I 2 



SK 



(B) FBD(4,S) fused at the Cterminal of SK 



SK 



1 4 t S \ 



(C) F BD(4,S) ftased at the N-terminal of.SK 
f 4 I S j " 



SK 



(D) FBD (4,5) fused at both the C as well as N-terminats of SK 

I 4 I 5 | SK ~j~4~ 5 
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Fig. 2 
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1/1 31/11 

ATT GCT OCA CXT GAG TOG CTC CTA GAC CCT CCA TCT GTC AAC AAC ACC CAA TTA GTT GTT 
He ala. oiy pro glu trp leu leu asp arg pro ser val asn asn s«r gin leu val val 
Sl/21 " $1/31 

AGC GIT OCT OCT A£T GTT GAG GCC ACC AAT CAA GAC ATT ACT CTT AAA TTT TIT GAA ATC 
s*z val ala gly thr val glu gly thr asn gin asp lie ser lea lys phe phe glu ile 
121/41 1S1/51 

GAT CTA ACA TCA CCA- CCT GCT CAT GGA OCA AAC* ACA GAG CAA GCC TTA ACT CCA AAA TCA 
asp leu thr ser arg. pro ala hie gly gly lys thr glu gin gly leu eer pro lys «» r 
181/61 211/71 

AAA CCA TTT GCT ACT GAT ACT OGC OCXS ATC TCA CAT AAA CTT OAO AAA GCT GAC TTA CTA 
lya pro phe ala thr a«p a»r gly ala mot ser- hi* lyc l«u glu lys ala asp leu leu 
24J /BX 271/91 

AAp CCT ATT CAA CAA CAA TTC ATC GCT AAC GTC CAC ACT AAC GAC GAC TAC TTT GAG GTC 
lys ala- lie g\n glu gin leu il« ala asn val his sar asn asp asp tyr phe glu val 
301/101 331/111 

ATT GAT TTT GCA AGC GAT CCA ACC ATT ACT CAT CGA AAC OGC AAG GTC TAC TTT GCT GAC 
lift asp phe al* sex asp ala thr ile thr asp arg asn gly lys val tyr phe ala asp 
361/121 391/131 

AAA GAT GCT TOG CTA ACC TIG CCG ACC CAA CCT GTC CAA GAA TTT TTC CTA AOC OCA CAT 
lys asp. gly ser val. thr leu pro thr gin pro val gin glu phe leu leu ser gly his 
421/141 451/151 

GTS COC GTT ACA CCA TAT AAA GAA AAA CCA ATA CAA AAC CAA GCC AAA TCT GTT GAT GTC 
val arg val arg pro. tyr lys. glu lya pro lie gin asn gin ala lys sar val a«p val 
481/161 SIX/171 
— GAft- TAX- ACT-CTTA- CAC-TCT 

glu tyr thr val gin. phe thr pro leu aan prar asp asp asp phe arg pro gly leu lys 
541/ 181 571/191 

CAT ACT AAG CTA TTC. AAA ACA CTA GCT ATC GGT GAC ACC ATC ACA TCT CAA GAA TTA CTA 
asp thr lys leu leu. lys the leu ala ile gly asp thr lie thr ser gin glu leu leu 
601/201 631/211 

CCT CAA CCA -CAA* AGC ATT TEA AAC AAA AAC CAC CCA OGC TAT ACC ATT TAT GAA CGT GAC 
ala gin «la gin s«r ile leu asn lys asn his pro gly tyr ehr 11« tyr glu arg asp 
661/221 6917231 

TCC TCA ATC GTC ACT CAT GAC AAT GAC ATT TTC CGT AOS ATT TTA CCA ATC GAT CAA GAG 
sar sar ile val thr his asp asn asp ile phe arg chr lie leu pro mac asp gin glu 
721/241 751/251 

TTT ACT TAC CCT CTT AAA AAT COG CAA CAA GCT TAT AOG ATC AAT AAA AAA TCT GCT CTC 
priQ.thr tyr arg val lys. asn arg glu gin ala tyr arg ile asn lys lys ser gly leu 
781/2*1 813L/271 

AAT CAA GAA ATA AAC AAC ACT GAC CTC ATC TCT CAC AAA TAT TAC CTC CTT AAA AAA GOG 

asn glu glu ile asn asn chr asp leu ilo ser glu lys tyr tyr val leu lys lys gly 
841/281 871/291 

GAA AAG CCG TAT GAT CCC' TIT CAT CGC AGT CAC TTC AAA CTC TTC ACC ATC AAA TAC CTT 
glu lys pro tyr asp pro phe asp axg ser his leu lys leu phe thx- iJe lys tyr vol 

901 /301 931/311 

GAT CTC CAT ACC AAC GAA TTC CTA AAA AGT GAG CAC CTC TTA ACA CCT AGC GAA CGT AAC 
acp val asp chr- asn glu leu leu lya scr glu gin leu leu thr ala ser glu ax-g asn 
9*1/321 991/331 

TTA GAC- TTC AG» CAT TTA TAC GAT CCT CGT GAT AAG GCT AAA CTA CTC TAC AAC AAT CTC 
leu asp phe arg atsp leu tyr asp pro arg asp lys ala lys leu leu tyr asn asn leu 
1021/341 1051/351 

CAT GCT TTT GCT ATT' ATC GAC TAT ACC TTA ACT CCA AAA GTA GAG GAT AAT CAC GAT GAC 
asp ala' phe gly ile met nsp tyr chr leu thr gly lys val glu asp asn his asp asp 
1081/361 1111/371 

ACC AAC CGT ATC ATA ACC . trTT TAT ATC GCC AAC CCA CCC GAA GCA GAC AAT CCT AGC TAT 
thr acu. arg ile ile thr val tyr met gly lys arg pro glu gly glu asn ala ser tyr 
1141/391 1171/391 

CAT TTA GCC TAT CAT AAA GAT CGT TAT ACC GAA GAA GAA CUA GAA GTT TAC AOC TAC CTC 

his leu. ala. tyr asp lys asp arg tyr thr glu glu ylu axg glu val tyr sor tyr leu 

1201/401 1231/411 

CCT TAT ACA CCC ACA CCT ATA CCT CAT AAC CCT AAC CAC AAA TAA 

arg tyr thr gly thr pro- |le pro asp asn pro asn asp lys OCH 
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Fig 4 
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Fig. 5 
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Fig. 6 



1/1 

CAC OCT CAG CAA ATO GTT CAG CCC CAG TCC 
gin ala gin gin mot val gin pro gin eer 
61/21 

TOT TAT GAC AAT GGA AAA CAC TAT CAG ATA 
cys tyr asp asn gly ly» tyr gin ale 

l2i/di 

AAT CTC TTO GTT TCT ACT Tt*T TAT GGA GGJk 
asn val l«*u val cys thr cys tyr gly gly 

181/61 

GAA GCT GAA GAG ACT TOC TTT GAC AAO TAC 
glu. ala glu glu chr cys phe asp lys tyr 
241/81 

TAT GAG CGT CCT AAA GAC TCC ATO ATC TOG 
tyr glu arg pro lya asp ear met lie fcrp 
301/1O1 

ASA ATA AGC TOT ACC ATC GCA AAC CGC TOC 
arg lie ser cy* chr He ala asm arg cys 

361/121 

GAC ACC TEC AOG AGA CCA CAT GAC ACT OCT 

asp thr Crp arg arg pro his glu thr gly 
421/141 

AAT GGA AAA GGA GAA TOG ACC TOC AAO CCC 
asn gly lys gly glu fcrp thr cys lys pro 

461/161 

GOG ACT TCC TAT GTC CTC GGA GAA ACG TOG 
gly thr ser tyr val val giy glu thr trp 
S41/1B1 

GAT TOT ACT TOC CTC GGA GAA OGC AGC GGA 
asp cys Chr cys leu gly glu gly aer gly 
601/201 

AAC GAT CAG GAC ACA AGG ACA TCC TAT AGA 
asn asp gin asp chr arg thr aer tyr arg 
661/221 

CCA GGA AAC CTC CTC CAC TOC ATC TOC ACA 
arg gly asn leu leu gin cys lie cys chr 
721/2*1 

ADC CAC ACC TCT GTC CAG ACC ACA TOG AGC 

arg his thr *er ^*1 gin thr thr ser ser 



31/11 . 

CCG GTC GCT GIC ACT CAA AGC AAO- CCC GGT 
pro val ala val s*r gin ear lys pro' gly 
91/31 

AAT CAA CAG TOC GAC COG ACC THC CTA GGT 
<un gin gin crp glu arg thr tyr leu gly 
151/51 

AGC CCA OCT TTT AAC TOC GAA ACT AAA. CCT 
ear arg gly ph* asn cys glu sor lys pro 
211/71 

ACT GOG AAC ACT TAC CGA GTC GGT GAC ACT 

thr gly aan thr tyr arg val ffXy asp thr 

271/91 

GAC TCT ACC TOC ATC GOG OCT GGG CGA CCC 
asp cys thr cys lie gly ala gly arg gly 
331/111 

CAT GAA GGG GGT CAG TCC TAC AAG ATT GGT 
his glu gly gly gin ser tyr lys lie gly 
391/131 

GGT TOC ATO TEA GAG TOT GTC TOT CTT "GCT- 
gly tyr met leu glu cys val cys leu gly 
4S1/151 

ATA GCT GAG AAG TCT TTT GAT CAT GCT GCT 
lie ala glu lys cys phe asp Xts ala ala 

511/171 

CAG_AAG CCC TAC. CAA GGC TOCL Ate. ATO GTA_ 
glu lys pro tyr gin gly trp met wet val 
571/191 

CGC ATC ACT TCC ACT TCT. AGA AAT AGA TOC 
arg lie thr cys thr ser axg asn arg cys 
631/211 

ATT GGA GAC ACC TOG AGC AAO AAC GAT AAT 

lie gly asp thr trp ser lys- lys asp asn 
691/231 

OGC AAC GGC CGA GGA GAG TOG AAG TOT GAG 

gly asn gly arg gly glu trp lys eye ylu 

751/251 

GGA TCT GGC CCC TtC ACC GAT CTT CGT 
gly ser gly pro phe thr asp val arg 
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Fig. 8 
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Fig. 9 



Ncol Sail 




SK 



Patent Application Publication Mar. 27, 2003 Sheet 10 of 28 US 2003/0059921 Al 



Fig. 10 
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Fi g, n 



10 20 3D 40: 5<l 

GCACCCGTGQ CCAGGACCCA ACGCTCCCCG ACATCTCCAT CCCGCGAAAT 

51 TAATACGACT CACTATAGGG AGACCACAAC CGTTTCCGTC TAGAAATAAT 

101 TTTGTTTAAC TTTAAGAAGG AGATATACCA TGATTGCTGQ ACCTGAGTCC 

1 5 1 CTGCTAG ACC GTCCATCTGT CAACAACAGC CAATTGGTTG 7TAGCGTTGC 

201 TGGTACTGTT GAGGGGACGA ATCAAGACAT TAGTCTTAAA 1111 I TU AAA 

251 TCGATCTAAC ATCaCGACCT GCTCATGGAG GAAAGACAGA GGAAGGCTTA 

301 AGTCCAAAAT CAAAACCATT TGCTACTGAT AGTGGCGCGA TGTGACATAA 

351 ACTTGAGAAA GCTGACTTAC TAAAGGCTAT TCAAGAACAA TTGATCCCTA 

401 ACGTTCCACAG TAACGACGAC TACTTTGAGG TCATTGATTT TGCAAGCGAT 

451 GCAACCATTA CTGATCGAAA CGGCAAGGTC TACTTTGCTG ACAAAOATGG 

50) TTCGGTAACC TTCCCGACCC AACCTGTCCA AGAATTTTTG CTAAGCGGAC 

551 ATGTGCGCGT TAGACCATAT AAAGAAAAAC CAATACAAAA CCAAGCGAAA 

601 TCTGTTGATG TGGAATATAC TGTACAGTTT ACTCCCTTAA ACCCTGATGA 

651 CGATTTCAGA CCAGGTCTCA AAGATACTAA GCTATTGAAA ACACTAGCXA 

701 TCGGTGACAC CATCACATCT CAAGAATTAC TAGCTCAAGC ACAAAGCATT 

751 TTAAACAAAA ACCACCCAGG CTATACGATT TATGAACGTG ACTCCTCAAT 

801 CGTCACTCAT GACAATGACA TTTTCCGTAC GATTTTACGA atggatcaag 

851 agtttactta ccgtgttaaa aatcgggaac aagcttatag gatcaataaa 

901 aaatctggtc tgaatgaaga aataaacaac actgacctga tctctgagaa 

95 1_ - atattacgtc cttaaaaaag gggaaaagcc gtatgatccc tttgatcgca 

1001 gtcacttgaa actgttcacc atcaaatacg ttgatgtcga taccaacgaa 

1051 TTGCTAAAAA gtgagcagct cttaacagct agcgaacgta acttagactt 

1101 CAGAGATTTA tacgatcctc gtgataaggc taaactactc TACAACAATG 

1151 TCGATGCTTT TGGTATTATG GACTATACCT TAACTGGAAA AGTAGAGGAT 

1201 AATCACGATG ACACCAACCG TATCATAACC GTTTATATGG GCAAGCGACC 

1251 CGAAGGAGAG AATGCTAGCT ATCATTTAGC CTATGATAAA GATCGXTATA 

1301 CCGAAGAAGA ACGAGAAGTT TACAGCTACC TGCGTTATAC AGGGACACCT 

1351 aTaCCTOATA ACCCTAACGA CAAATAA 



Patent Application Publication Mar. 27, 2003 Sheet 12 of 28 US 2003/0059921 A 1 



Fig- u 




Patent Application Publication Mar. 27, 2003 Sheet 13 of 28 US 2003/0059921 Al 



Fig. 13 
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10 20 30 40 SO 

TAATACGACT CACTATAGCG AGACCACAAC GGTTTCCCTC TAGAAATAAT 

51 TTTGTTTAAC TTTAAGAAGC AGATATACCA TGATAGCTGG TCGTGAATGG 

101 CTACTAGATC GTCCTTCTGT AAATAACAGC CAATTGGTTG TTAGGG TTGC 

151 TGGTACTGTT GAGGGGACGA ATCAAGACAT TAGTGTT AAA 'TTTTTTGAAA 

201 TCGATCTAAC ATCACGACCT GCTCATGGAG GAAAGACAGA GCAAGGCTTA 

251 AGTCCAAAAT CAAAACCATT TGCTaCTGAT AGTGGCGCGA TGTCACATAA 

301 ACTTGAGAAA GCTGACTTAC TAAAGGCTAT TCAAGAACAA TTGATCCCTA 

351 acgtccacag taacgacgac tactttgagg tcattgattt TGCAAGCGAT 

401 GCAACCATTA CTGATCGAAA CGGCAaCGTC TaCTTTGCTG ACAAAGATGG 

451 TTCGGTAACC TTGCCGACCC AACCTGTCCA AGAATTTTTG CTAAGCGGAC 

501 ATGTGCGCGT TAGACCATAT AAAGAAAAAC CAATACAAAA CCAAGCGAAA 

551 TCTGTTGATG TGGAATATAC TGTACAGTTT ACTCCCTTAA ACCCTGATGA 

601 CGATTTCAGA CCAGGTCTCA AAGATACTAA GCTATTGAAA ACACTAGCTA 

TCGGTGACAC CATCACATCT C A AG A ATT AC TAGCTCAAGC ACAAAGCATT 

TTAAACAAAA ACCACCCAGG CTATACGATT TATGAACGTG ACTCCTCAAT 

CGTCACTCAT GACAATGACA TTTTCCGTAC OATTTTACCA ATGGATCAAG 

AGTTTACTTA CCGTGTTAAA AATCGGGAAC AAGCTTATAG GATCAATAAA 

AAATCTGGTC TGAATGAAGA A AT A AAC A AC ACTGACCTGA TCTCTGAGAA 

ATATTACGTC CTTAAAAAAG GGGAAAAGCC GTATGATCCC TTCGATCGCA 

GTCACTTGAA ACTGTTCACC ATCAAATACG TTGATGTCGA TACCAAGGAA 

TTGCTAAAAA GTGAGCAGCT CTTAACAGCT AGCGAACGTA ACTTAGACTT 

CAGAGATTTA TaCGATCCTC GTGATAAGGC TAAACTACTC TACAACAATC 

TGGATGCTTT TGGTATTATG GACTATACCT T AA CTGG AAA AGTAGAGGAT 

aatcacgatg acaccaaccg TATCATAACC GTTTATATGG gcaagcgagc 
,zo, cgaaggagag aatgctagct atcatttagc ctatgataaa gatcgttata 
1251 ccgaagaaga acgagaagtt tacagctacc tgcgttatac agggacacct 



651 

701 

751 

801 

851 

901 

951 

1001 

1051 

1101 

1151 

1201 



1301 



ATACCTGATA ACCCTAACGA CAAATAA 
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Fig- 17a 
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10 


20 




TTTGTTTAAC 


TTTAAGAAGG 


5) 


ctactacatc 


GTCCTTCTGT 


101 


TGGTAC 10 1 J 


GAGGGGACGA 


151 


TCGATCTAAC 


ATCACGACCT 


201 


AGTCCAAAAT 


CAAAACCATT 


251 


ACTTGAGAA A 


GCTGACTTAC 


JV ft 


ACGTCCACAG 


TAACGACGAC 


3S1 


GC AACCATTA 


CTGATCGAAA 


401 


TTCGGTAACC 
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tJ J 


ATGTGCGCGT 


TAGACCATAT 


Mil 


TCTGTTGATG 

A w i SJ I ft VJ t> 1 W 


TGGAATATAC 


jj l 


rc atttcaga 


CCAGGTCTCA 


Ovr 1 


TCGGTGACAC 


CATCACATCT 




TTAAACAAAA 


ACCACCCAGG 


/v 1 


rrnr* aptc at 


GACAATGACA 


751 


ACtI I'rAtn'A 


CCGTGTTAAA 


&ni 

OVA 


aaatctggtc 


TGAATGAAGA 


85! 


ATATTACGTC 


CTTAAAAAAG 


7V1 


GTCACTTGAA 


ACTGTTCACC 


951 


TTGCTAAAAA 


GTGAGCAGCT 


1001 


CAGAGATTTA 


TACGATCCTC 


1051 


TCGATGCTTT 


TGGTATTATG 


1101 


AATCACGATG 


ACACCAACCG 


1151 


CGAAGGAGAG 


AATGCTaGCT 


1201 


AGATTGTACC 


CATAGCTGAG 


1251 


TATGTGGTCG 


GAGAAACGTG 


t301 


AGA1 1 VI ACT 


TGCCTGGGAG 


1351 


GAAATAGATG 


CAACGATCAG 


1401 


ACCTGGAGCA 


AGAAGGATAA 


1451 


AGGCAACGGC 


CGAGGAGAGT 


1501 


CCACATCGAG 


CGGATCTGGC 



30 . 40 SO 

AGATATACCA TGATAGCTGG TCCTGAATGG 
AAATAACAGC CAATTGGtTG TTAGCGTTGC 
ATCAAGACAT TAGTCTTAAA TTTTTTGAAA 
GCTCATGGAG GAAAGACAGA GCAAGGCTTA 
TGCTACTGAT AGTGGCGCGA TGTCACATAA 
TAAAGGCTAT TCAAGAACAA TTGATCGCTA 
TACTTTGAGG TCATTGATTT TGCAAGCGAT 
CGGCAAGGTC TACTTTGerTG ACAAAGATGG 
AACCTGTCCA AGAATTTTTG CTAAGCGGAC 
AAAGAAAAAC CAATACAAAA CCAAGCGAAA 
TGTACAGTTT ACTCCCTTAA ACCCTGATGA 
AACATACTAA GCTATTGAAA ACACTAGGTA 
CAAGAATTAC TAGCTCAAGC ACAAAGCATT 
CTATACGATT TAT GAACGTG ACTCCTCAAT 
TTTTCCGTAC GATTTTACCA ATGGATCAAG 
AAT CGGGAAC AAGCTTATAG GATCAATAAA 
AATAaACAAC ACTGACCTGA TCTCTGAGAA 
GGGAAAAGCC GTATGATCCC tttgatcgca 
ATCAAATACG TTGATGTCGA TACCAACGAA 
CTTAACAGCT AGCGAACGTA ACTTAGACTT 
GTGATAAGGC T AA ACTACTC TACAACAATC 
GACTATACCT- TAACTGGAAA AGTAGAGGAT 
TATCATAACC GTTTATATGG GCAAGCGAGC 
AGCATTTAGC TGGTGGTGGC CAGGCGCAAC 
AAGTGTTTTG ATCATGCTGC TGGGACTTCC 
GGAGAAGCCC TACCAAGGCT GGATGATGGT 
AAGGCAGCGG ACGCATCACT TGCACTTCTA 
GACACAAGGA CATCCTATAG AATTGGAGAC 
TCGAGGAAAC CTGCTCCAGT GCATCTGCAC 
GGAAGTGTGA GAGGCACACC TCTGTOCAGA 
CCCTTCACCG ATGTTCGTTA G 
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Fig. 19a 
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Fig. 19b 

10 20 311 40 S(3 

GCAACCCCGC CAGCCTAGCC GGGTCCTCAA CGaCAGGAGC ACGATCATGC 

51 GCACCCGTGG CCAGGACCCA ACGCTGCCCG AGATCTCGAT CCCGCGAAAT 

101 TAATACGACT CACTATAGGG AGACCACAAC GGTTTCCCTC TAGAAATAAT 

151 TTTGTTTAAC TTTAAGAAGG AGATATACCA TGATTGCTGG ACCTCSAGTGG 

201 CTGCTAGACC GTCCATCTGT CAACAACACC CAATTGGTTG TTAGCGWGC 

251 TGGT ACTGTT GAGGGGACGA ATCAAGACAT TAGTCTTAAA TTTTTTGAAA 

301 TCGATCTAAC ATCACGACCT GCTCATGGAG GAAAGACAGA gcaaggctta 

3 si agtccaaaat caaaaccatt tgctactgat agtggcgcga tgtcacataa 

401 acttgagaaa gctcacttac taaaggctat tcaagaacaa ttgatcgcta 

451 acgtccacag taacgacgac tactttgagg tcattgattt tgcaagcgat 

501 gcaaccatta ctgatcgaaa cggcaaggtc tactttgctg acaaagatgg 

551 ttcggtaacc ttgccgaccc aacctgtcca agaatttttg CTAAGC6GAC 

601 ATGTGCGCGT TAOACCATAT AAAGAAAAAC CAATACAAAA CCAAGCGAAA 

651 TCTGTTGATG TGGAATATAC TGTACAGTTT ACTCCCTTAA ACCCTGATGA 

701 CGATTTCAGA CCAGGTCTCA AAGATACTAA GCTATTGAAA ACAtTAGCTA 

751 TCGGTGACAC CATCACATCT C A AG AATT AC TAGCTCAAGC ACAAAGGATT 

801 TTAAACAAAA ACCACCCAGG CTATACGATT TATGAACGTG ACTCCTCAAT 

851 CGTCACTCAT GACAATGACA TTTTCCGTAC GATTTTACCA ATGGATCAAG 

901 AGTTTACTTA CCGTGTTAAA AATCGGGAAC AAGCTT AT AG GATCAATAAA 

951 AAATCTGGTC TGAATGAAGA AATAAACAAC ACTGACCTGA TCTCTGAGAA 

1001 ATATTACGTC CTTAAAAAAG GGGAAAAGCC GTATGATCCC TTTGATCGGA 

1051 GTCACTTGAA ACTGTTCACC ATCAAATACG TTGATGTCGA TACCAACGAA 

1 101 ^ TTGCTAAAAA GTOAGCA GCT CTTAACAGCT AGCGAACCTA. ACTTAGACTT__ 

1151 CAGAGATTTA TACGATCCTC GTCATAAGGC TAAACTACTC TACAACAATC 

1201 TCGATGCTTT TGGTATTATG GACTATACCT TAACTGGAAA AGTAGAGGAT 

1251 AATCACGATG ACACCAACCG TATCATAACC GTTTATATQG GCAAGCGACC 

1301 CGAAGGAGAG AATGCTAGCT ATCATTTAGC CGGTGGTGGT CAGGCGCAGC 

1351 AAATGGTTCA GCCCCAGTCC CCGGTGGCTG TCAGTCAAAG CAAGCCCGGT 

1401 TGTTATGACA ATGGAAAACA CTATCAGATA AATCAACAGT GGGAGCGCAC 

1451 CTACCTAGGT AATGTGTTGG TTTGTACTTG TTATGGAGOA AGCCGAGGTT 

1501 TTAACTGCGA AAGTAAACCT GAAGCTGAAG AGACTTGCTT TGACAAGTAC 

1551 ACTGGGAACA CTTACCGAGT GGGTGACACT TATGAGCGTC CTAAAGaCTC 

1601 CATGATCTGG GACTGTACCT GCATCGGGGC TGGGCGAGGG AGAATAAGCT 

1651 GTACCATCTA A 
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t TCGCTTCACG TTCGCTCGCG TATCGGTGAT TCATTCTGCT AACCA-GTAAG 

51 GCAACCCCGC CAGCCTAGCC GGGTCCTCAA CGACAGGAGC ACGATCATGC 

101 GCACCCGTGG CCAGGACCCA ACGCTGCCCG AGATCTCGAT CCCGCCAAAT 

151 TAATACGACT CACTATAGGG AGACCACAAC GGTTTCCCTC TAGAAATAAT 

201 TTTGTTTAAC TTTAAGAAGG AGATATACCA TGGTGCAAGC ACAACAGATT 

251 GTACCCATAG CTGAGAAGTG TTTTGATCAT GCTGCTGGGA CTTCCTATGT 

301 GGTCGGAGAA ACGTGGGAGA AGGCAGCGGA CGCATCACTT • GCACTTCTAG 

351 AAATAGATGC AACGATCAGG ACACAAGGAC ATCCTATAGA ATTGGAGACA 

401 CCTGGAGCAA GAAGGATAAT CGAGGAAACC TGCTCCAGTG CATCTCCACA 

451 GGCAACGGCC GAGGAGAGTG GAAGTGTGAG AGGCACACCT CTCTGCAGAC 

501 CACATCGAGC GGATCTGGCC CCTTCACCGA TGTTCGTATT GCTGGACCTG 

551 AGTGGCTGCT AGACCGTCCA TCTGTCAACA AC AGCC A ATT GGTTGTTAGC 

601 GTTGCTGGTA CTGTTGAGGG GACGAATCAA GACATTAGTC TTAAATTTTT 

651 TGAAATCGAT CTAACATCAC GACCTGCTCA TGGAGGAAAG ACAGAGCAAG 

701 GCTTAAGTCC AAAATCAAAA CCATTTGCTA CTGATAGTGG CGCGATGTCA 

751 CaTAAACTTG AGAAAGCTGA CTTACTAAAG GCTATTCAAG AACAATTGAT 

801 CGCTAACGTC CACaGTAACG ACGACTACTT TGAGGTCATT GATTTTGCAA 

851 GCGATGCAAC CATTACTGAT CGAAACGGCA AGGTCTACTT TGCTGACAAA 

901 GATGGTTCGG TAACCTTGCC GACCCAACCT GTCCAAGAAT TTTTGCTAAG 

951 CGGACATGTG CGCGTTAGAC CATATAAAGA AAAACCAATA caaaaccaag 

1001 CGAAATCTGT TGATGTGGAA TATACTGTAC ACT! 1ACTCC CTTAAACCCT 

__ 1031 GATGACGATT— . TCAGACCAGG. . TCTCAAAGAT_. ACTAAGCTAT. TGAAAACACT._ 

1101 AGCTATCGGT GACACCATCA CATCTCAAGA ATTACTAGCT CAAGCAGAAA 

1151 GCATTTTAAA CAAAAACCAC CCAGGCTATA CGATTTATGA ACGTGACTCC 

1201 TCAATCGTCA CTCATGACAA TGACATTTTC CGTACGATTT TACCAATGGA 

1251 TCAAGAGTTT ACTTACCGTG TTAAAAATCG GGAACAAGCT TATAGGATCA 

1301 ATAAAAAATC TGGTCTGAAT GAAGAAATAA ACAACACTGA CCTGATCTCT 

1351 GAGAAATATT ACGTCCTTAA AAAAGGGGAA AAGCCGTATG ATCCCTTTGA 

1401 TCGCAGTCAC TTGAAACTGT TCACCATCAA ATACGTTGAT GTCGATACCA 

1451 ACGAATTGCT AAAAAGTGAG CAGCTCTTAA CAGCTAGCGa ACGTAACTTA 

1501 GACTTCAGAG ATTTATACGA TCCTCGTGAT AAGGCTAAAC TACTCTACAA 

1551 CAATCTCGAT GCTTTTGGTA TTATGGACTA TACCTTAACT GGAAAAGTAG 

1601 AGGATAATCA CGATGACACC AACCGTATCA TAACCGTTTA TATGGGCAAG 

1651 CGACCCGAAG GaGAGAATGC TAGCTATCAT TTAGCCTATG ATAAAGATCG 

1701 TTATACCGAA GAAGAACGAG AAGTTTACAG CTACCTGCGT TATACAGGGA 

1751 CACCTATACC TGATAACCCT AACGACAAAT AA 
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10 

I CGAAGACCAT 

51 TCGCTTCACG 

101 GCAACCCCGC 

151 GCACCCGTGG 

201 TAATACGACT 

251 TTTGTTTAAC 

301 GTACCCATAG 

351 GGTCGGAGAA 

401 AAATAGATGC 

451 CCTGGAGCAA 

501 GGCAACGGCC 

551 CACATCCAGC 

601 AGTGGCTGCT" 

651 GTTGCTGGTA 

701 TGAAATCGAT 

751 GCTTAAGTCC 

801 CATAAACTTG 

851 CGCTAACGTC 

901 GCGATGCAAC 

951 GATGGTTCGG 

1001 CGGACATGTG 

1051 CGAAATGTGT- 

1101 GATGACGATT 

1151 AGCTATCGGT 

1201 GCATTTTAAA 

1251 TCAATC GTCA 

1301 TCAAGAGTTT 

1351 ATAAAAAATC 

1401 GAGAAATATT 

1451 TCGCAGTCAC 

1501 ACGAATTGCT 

1551 GACTTCAGAG 

1601 CAATCTCGAT 

1651 AGGATAATCA 

1701 CGACCCGAAG 

1751 GCAACaGATT 

1801 CTTCCTATGT 

1 85 1 ATGGTAGATT 

1901 1TCTAGAAAT 

1951 GAGACACCTG 

2001 TGCACAGGCA 

2051 GCAGACCACA 



20 

TCATGTTGTT 
TTCGCTCGCG 
CAGCCTaGCC 

ccaggaccca 
cactataggg 
tttaagaagg 
ctgagaagtg 
acgtgggaga 

AACGATCAGG 

OAAGGATAAT 

GAGGAGAGTG 

GGATCTGGCC 

AGACCGTCCA 

CTGTTGAGGG 

CTAACATCAC 

AAAATCAAAA 

AGAAAGCTGA 

CACAGTAACG 

CATTACTGAT 

TAACCTTGCC 

CGCGTTAGAC 

TGATGTGGAA- 

TCAGACCAGG 

GACACCATCA 

CAAAAACCAC 

CTCATGACAA 

ACTTACCGTG 

TGGTCTGAAT 

ACGTCCTTAA 

TTGAAACTGT 

AAAAAGTGAG 

ATTTATACGA 

GCTTTTGGTA 

CGATGACACC 

GAGAGAATGC 

GTACCCATAG 

GGTCGGAGAA 

GTACTTGCCT 

AGATGCAACG 

GAGCAAGAAG 

ACGGCCGAGG 

TCGAGCGGAT 



30 

GCTCAGGTCG 

TATCGGTGAT 

GGGTCCTCAA 

ACGCTGCCCG 

AGACCACAAC 

AGATATACCA 

TTTTGATCAT 

AGGCAGCGGA 

ACACAAGGAC 

CGAGOAAACC 

GAAGTGTGAG 

CCTTCACCGA 

TCTGTCAACA 

GACGAATCAA 

GACCTGCTCA 

CCATTTGCTA 

CTTACTAAAG 

ACGACTACTT 

CGAAACGGCA 

GACCCAACCT 

CATATAAAGA 

TATACTGTAC 

TCTCAAAGAT 

CATCTCAAGA 

CCAGGCTATA 

TGACATTTTC 

TTAAAAATCG 

GAAGAAATAA 

AAAAGGGGAA 

TCACCATCAA 

CAGCTCTTAA 

TCCTCGTGAT 

TTATGGACTA 

AACCGTATCA 

TAGCTACCAT 

CTGAGAAGTG 

ACGTGGGAGA 

GGGAGAAGGC 

ATCAGGACAC 

GATAATCGAG 

AGAGTGGrAAG 

CTGGCCCCTT 



40 

CAGACGTTTT ' 

TCATTCTGCT 

CGACAGGAGC 

AGATCTCGAT 

GGTTTCeCTC : 

TGGTGCAAGC: 

GCTGCTGGGA 

CGCATCACTT 

ATCCTATAGA 

TGCTCCAGTG 

AGGCACACCT 

TGTTCGTATT 

ACAGCCAATT 

GACATTAGTC : 

TGGAGGAAAG 

CTGATAGTGG 

GCTATTCAAG 

TGAGGTCATT 

AGGTCTACTT 

GTCC AAG A AT 

A AAACCaATA 

AGTTTACTGG— 

ACTAAGCTAT 

ATTaCTAGCT 

CGATTTATGA 

CGTACGATTT 

ggaacaagct 

acaacactga 

aagccgtatg 

atacgttgat 

cagctagcga 

aaggctaaac 

taccttaact 

taaccgttta 

ttagctggtg 

TTTTGATCAT 

AGCCCTACCA 

AGCGGACGCA 

AAGGACATCC 

GAAACCTGCT 

TGTGAGAGGC 

CACCGATGTT 



. 50 
GCAGCAGCAG 
AACCAGTAAG 
ACOATCATGC 
CCCGCGAAAT 
TAGA*ATAAT 
ACAA CAGATT 
CTTCCTATGT 
GCACTTCTAG 

attggagaga 
catctgcaca 
ctgtgcagac 

GCTGGACCTG 

GGTTGTT-AGC 

TTAAATTTTT 

ACAGAGCAAG 

CGCGATGTCA 

AACAATTGAT; 

GATTTTGCAA' 

tgctgacaaa 
ttttgctaag 
caaaaccaag 
- cttaaaccct - 
tgaaaacact 

CAAGCACAAA 

AGGTOACTCC 

TACCAAT-GCtA 

TATAGGATCA 

CCTGATCTCT 

ATCCCTTTGA 

GTCGATACCA 

ACGTAACTTA 

TACTCTACAA 

GGAAAAQTAG 

TATGGGCAAG 

GTGGCCAGGC 

GCTGCTGGGA 

AGGCTGOAT6 

TCACTTGCAC 

TATAGAATTG 

CCAGTGCATC 

ACACCTCTGT 

CGTTAG 
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NOVKI. CI-OT-SPKCIFIC STK1TOKINASK 
PROTKINS POSSESSING AITKRKD 
PI ASM1NOGKN ACTIVATION 
CHARACTERISTICS AND A PROCESS FOR THK 
PREPARATION OK SAID PROTKINS 

[0001] *l"be present iovcDtion relates to novel clot specific 
streptokinase proteins possessing altered plasminogen char- 
acteristics. I*bc invention further relates to a process for the 
preparation of the said proteins: The streptokinases so pro- 
duced have properties of enhanced fibriu selectivity as well 
as kinetics of plasminogen activation that are distinct from 
that of natural streptokinase in being charactcriyxd by a 
temporary delay, or lag, of several minutes in the initial rate 
of the catalytic conversion of plasminogen to plasmin (a 
process termed hereafter as "PG activation"). 

[0002] 'l'be advantage of this invention lies in the presence 
of these two properties in these chimeric (or hybrid) proteins 
together i.e. fibrin a trinity and an initial lag in plasminogen 
activation. In other words, the hybrid protein molecules 
disclosed in this invention arc both fibrin spcciGc and 
display "delayed-action" thrombolysis. This confers on 
these novel proteins the ability to bind tightly with fibrin, the 
proteinaccous substance of blood clots soon after this intro- 
duction into the vascular system without significantly acti- 
vating the circulating blood, plasminogen to plasmin, thus 
aiding in the localization of the PG activation process to the 
site of the pathological thrombus. Thus, once the PG acti- 
vation lag Ls overcome within a few minutes' of thc~exr»surcT 
of the hybrid proteins to plasminogen, they can easily 
activate the plasminogen in the immediate vicinity of the 
thrombus in a manner essentially similar to that of natural 
i.e. unmodified streptokinase, thereby obviating the systemic 
PG activation frequently encountered during clinical use of 
streptokinases. These new hybrid proteins can therefore be 
used to advantage for thrombolytic therapy for various kinds 
of cardiovascular disorders. 

BACKGROUND 
[0003] In recent years, thrombolytic therapy with fibrin- 
olytic agents, such as Streptokinase (SK), tissue plasmino- 
gen activator (TPA) or urokinase (UK) has revolutionized 
the clinical management of diverse circulatory diseases e.g., 
deep-vein thrombosis, pulmonary embolism and myocardial 
infarction. These agents exert their fibrinolytic effects 
through activation of plasminogen (PG) in the circulation by 
cleavage of the scissile peptide bond between residues 56.1 
and 562 in PG. As a result, inactive zymogen is transformed 
to its active form, the serine protease, plasmin (1 >N ), which 
then acts ou fibrin lo degrade the latter into soluble degra- 
dation products. It may be mentioned here that PN, by itself, 
is incapable of activating PG to PN; this reaction is catalyzed 
by highly specific proteases like TPA, the SK-plasminogen 
complex, and UK, all of which possess an unusually narrow 
protein substrate preference, namely a propensity lo cleave 
the scissile peptide bond in PG. However, unlike UK and 
TPA. SK has no proteolytic activity of its own, and it 
activates PG to PN indirectly by first forming a high-affinity 
cquimnlar complex with PG, known as the activator com- 
plex (reviewed in Caste I lino, K J., 1981, Chem Rav. 81: 
431). 

[00MM] Of the several thrombolytic agents used clinically, 
SK is probably one of the mosl-often employed, particularly 



because of its markedly lower cost when coded to TPA and 
UK. However, the choice of thrombolytic agent during 
therapy is dictated by a number of factors besides costs, such 
as the presence of side -effects and their severity, in vivo 
metabolic survival of the drug (e.g., circulatory clearance 
rates), fibrin selectivity and/or affinity, immunological reac- 
tivity etc. SK is a highly potent PG activator, and has a 
relatively long plasma half-life — properties that, together, 
impart a certain advantage to this drug as compared to its 
counterparts viz, TPA and UK. I lowever, due to a lack of any 
appreciable fibrin clot-specificity in the former, the admin- 
istration of therapeutically effective d<»scs of SK often 
results in systemic PG activation, resulting in hemorrhagic 
complications due to the proteolytic degradation of blood 
factors by the plasmin generated throughout the circulatory 
system. However, if a fibrin affinity and/or selectivity could 
be integrated into SK, a molecule which otherwise possesses 
little fibrin affinity of its own, it would considerably enhance 
the therapeutic efficacy of this thrombolytic agent. With 
respect lo the other coveted trail in a fibrinolytic agent, such 
as that described above for TPA above (viz., considerably 
lowered activity while circulating in the vascular system but 
enhanced PG activating ability in the presence of fibrin), 
attempts have been made in the past to produce analogs of 
SK with greater circulatory half-lives and decreased sys- 
temic plasmin generation by incorporating properties such 
as a slower rate of PG activation into the fibrinolytic agent. 
One example where this has been successfully accomplished 
is that of anisoylated streptokinase plasmin activator com- 
plex^ abbreviated APS AC (sold under the trade-name-' Emi-- 
nase' by the Beecham pharmaceutical group) (reference: 
Smith, R. A. G., Dupe, R. J., English P. D., and Green, J., 
1981, Nature 290:505) in which the catalytically important 
serine residue of the plasmin component is blocked by 
reversible acylation. r thc generalized plasmin activation 
coincident with the administration of unmodified SK has 
been reported to be appreciably diminished during throm- 
bolytic therapy with APS AC since the dcacylation of the 
covalcntly modified serine in the SK-acylated plasmin com- 
plex occurs slowly in the vascular systems. 

[0005] It is thus generally recognized that it will be of 
significant clinical advantage if SK could be engineered to 
possess increased fibrin affinity/specificity together with a 
markedly slower initial rate of activation of PG. Thus, soon 
after injection into the body, whilst it is still in an inactive 
or partially active state, such a modified PG activator will 
bind lo the pathological fibrin clot during its initial sojourn 
through the vascular system in an inactive/partially active 
state. However, after an initial lag (a property engineered 
into the derivative/analog through design) it will become 
fully activated after being sequestered to the fibrin clot by 
virtue of its fibrin affinity. 'ITius, the PG activation process 
will be relatively limited to the immediate vicinity of the 
clot, thus obviating the systemic PG activation coincident 
with natural SK administration which has no intriasic fibrin 
affinity of its own and which activates PG as soon as it 
encounters it. In other words, whilst the former property in 
the novel protein/s would be expected to confer on the 
thrombolytic agent an ability to target itself to the immediate 
locale of the pathological clot and thus help build up 
therapeutically effective concentrations of the activator 
therein, the initially slow kinetics of PC? activation would 
result in an overall diminished generation of free plasmin in 
the circulation. 'Ine net result shall be a continued and more 
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efficient fibrinolysis al the target sustained by considerably 
lowered therapeutically effective dosages of the throm- 
bolytic agent. 

[0006] Id the past, the gene encoding for SK has been 
Isolated from its natural source (Streptococcus species) and 
cloned into several heterologous micro-organisms such as 
yeast (Hagenson, M. J., Holdcn, K. A., Parker, K. A., Wood, 
R J., Croze, J. A., Fuke. M., Hopkins, T. R., Stroman D. W., 
1989, Enzyme. Micmb. Tcchnol. 1.1:650), bacteria vi*/„, E. 
coli (Malkc, II, Ferrctli, J. J., 1984, Proc. Nat ' I Acad. Sci. 
81: 3557), alternate species of Streptococcus (Malkc, II., 
Gerlach, D., Kohlcr, W., h'errctti, J. J., 1984, Mol Gen. 
Genet. 196:360), and Bacillus (Wong, S. I.., Ye, R., Nathoo 
S.,1994, Applied and Env. Microbiol 1:5.1.7). In addition, 
genetically modified SK derivatives containing "Kringle" 
type fibrin binding domains derived from plasminogen, and 
methods of obtaining the same by rDNA techniques, have 
been described (UU 0397 366 Al). However, since five such 
Kringle regions are already present in the natural SK-PG 
activator complex, being an integral part of PG in the 
activator complex, the advantages gained from further addi- 
tion of such domains are likely to be minimal. Hence, there 
is a need to impart a qualitatively different fibrin-affinity 
and/or specificity to the activator complex, particularly of a 
type associated with r fPA, a very effective thrombolytic 
agent possessing much greater fibrin affinity than SK. 'IYA 
is known to contain a fibrin -associating "finger" domain, 
which is structurally and functionally very similar to the 
fibrin-binding domains present in fibronectin, a multi-func- 
tional proTein^ith~abiiity"to interact with a number of ot he F 
proteins besides fibrin e.g., collagen, heparin, actin etc 
(reviewed in Ruoslahti, E., 1988, Ann. Rev. ttiachem. 
57:375). Methods for the imaging of fibrin-containing sub- 
stances, such as pathological clots and/or atherosclerotic 
plaques in vivo by using large radio-labeled polypeptides 
derived from fibronectin, and bearing these MVDs (fibrin 
binding domains) have been disclosed (sec: PCT WO 
91 /1 7765); this patent also discloses chemically cross-linked 
FBD-containing polypeptides and a thrombolytic agent (SK) 
to effect thrombus-targeted fibrinolysis. The chemical cross- 
link procedure resulted in the generation of a complex 
mixture of heterogencously cross-linked molecules with 
variable FBD and SK content, since the bifunctional agents 
used for chemical cross-link essentially cross-link any of the 
large number of lysine side-chains present in the participat- 
ing molecules viz. SK and HPG. Thus, this procedure 
generates mixturs of molecules with undefined location of 
the cross-links between the molecules e.g. both dimmers and 
mummers with both homo- (e.g.,. SK-SK or FBD-FBD 
types) and hetero-crosslinked molecules with varying sites 
of cross-links are expected to be formed. In addition, it is 
noteworthy that the SK molecules chemically, cross-linked 
with fibrin binding polypeptides disclosed in this patent 
showed an overall level of PG activator activity essentially 
comparable to thai of unmodified SK, and no alteration was 
observed in the rate of PG activation, or the presence of an 
initial lag in the PG activation kinetics. It is quite clear that 
this inveution related to the preparation of a heterogeneous 
population of cross-liked molecules with structures essen- 
tially undefined with respect to the cross-links' locations, 
and without any cross-correlation between the different 
structures in Ihe ensemble of molecules and their corre- 
sponding functional properties. 'I Tiis is a serious limitation in 
the description of a drug intended for therapeutic applica- 
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lion, in general, and with respect to the exact nature of the 
structure -function correlation in the collection of the cross- 
linked molecules, in particular. 

[0007] Id the past, hybrid SK derivatives with "kringle*' 
type fibrin binding domains derived from human plasmi- 
nogen) fused to the former, and methods of obtaining the 
same by rDNA techniques, have been described (12U 0397 
366 Al and U.S. Pat. No. 5,187,098). However, five such 
Kringle regions arc already present in the natural SK- 
Plasmin(ogen) activator complex, as noted before, being an 
integral part of PG in the activator complex, which has a 
weak fibrin affinity at best (Pears, r 1989., liiochem. J. 261: 
313). Hence, there is a need to impart a qualitatively 
different fibrin-aflinily and/or specificity to the activator 
complex and utilize the affinity so imparted to obtain SK 
derivatives that display functional characteristics that help 
avoid the immediate activation of plasminogen upon contact 
with the latter. 

[0008] Certain proteins arc known to contain fibrin-asso- 
ciating "finger" domain/s, such as those present in fibronec- 
tin, a multi-functional protein with ability to interact with a 
number of other proteins besides fibrin e.g., collagen, hep- 
arin, actin etc (reviewed in Ruoslahti, L., 1988, Ann, Rev. 
Biocliem. 57:375). IPA also possesses a "linger" the fibrin 
binding domain (FBI)) that greatly helps in its fibrin asso- 
ciation (Verhcijcn J. II. et al., 1986., EM/iO J. vol. 5, pp. 
-3525). Methods for the imaging of fibrin-containing sub- 
stances, such as pathological clots and/or atherosclerotic 
plaques in^vivo.by. usingJarge -radiolabeled polypeptides- 
derived from fibronectin, and bearing these FBDs have been 
disclosed (sec PCT WO 91/17765); this patent also discloses 
chemically cross-linked KBD-containing polypeptides and a 
thrombolytic agent (SK) to effect thrombus-targeted fibrin- 
olysis. However, it is noteworthy that the SK molecules 
chemically cross-inked with fibrin binding polypeptides 
showed an overall level of PG activator activity essentially 
comparable to that of unmodified SK, and no alteration was 
observed in the rate of PG activation or the presence of an 
initial lag in the PG activation kinetics. Besides, the cross- 
linking procedure resulted in the generation of a complex 
mixture of heterogeneously cross- linked molecules with 
variable FBI) and SK content, since the bifunctional agents 
essentially cross-linked any of the large number of lysine 
side-chains present in the participating molecules viz. SK 
and HPG likely generating both dimers and mukimcrs with 
both homo- (e.g., SK-SK or FBD-FBD types) and hetero- 
crosslinked molecules. Moreover, this invention essentially 
disclosed the preparation of a heterogeneous population of 
chimeric molecules between SK and fibrin binding polypep- 
tide with undefined covalent structures with respect to the 
sites of crosslinking as well as types of polymers so formed 
i.e. whether homo- (SK-SK or FBD-FBD typos) or hctero- 
types, so that any meaningful structure- functional cross- 
correlation between the different structures in the ensemble 
and their corresponding functional properties cannot be 
obtained. r l*bis is a serious limitation in a drug intended for 
therapeutic application particularly one administered 
through a parenteral route in human beings. 

[0009] In contrast, the present invention provides novel 
clot-specific streptokinase proteins possessing altered plas- 
minogen activation characteristics and a process for the 
preparation of different types of said proteins by recombi- 
nant DNA technology which have been designed using 
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precisely defined elements of DNA polynucleotides that 
encode for fibrin binding domain and SK or their modified 
forms. The hybrid proteins so formed thus have two very 
important structural as well as functional elements, namely 
SK or its modified forms, and 'finger' type fibrin binding 
domain/s attached to each other through covalent peptide 
bonds in a predefined and predetermined order of juxtapo- 
sition with rest to each other (see FIG. 1 for types of such 
constructs, and the rationale for their construction, which is 
provided below) so that the hybrid, or chimeric, proteins so 
produced after expression in a suitable system possess 
discrete, definable covalent structures. In other words, the 
novel hybrid proteins contain SK or functionally relevant 
parts thereof, connected through polypeptide linkage/s with 
the relevant protein domains of human fibronectin that arc 
capable of independently conferring fibrin affinity to the 
resultant hybrids in such a manner that the hybrid protein/s 
specifically display altered plasminogen activation charac- 
teristics. 'Hie latter is marked by the presence of an initial 
period of lag of several minutes' duration in the rate of PG 
activation by the hybrid SK derivatives (viz., time-delayed 
PG activation), which is followed by high rates of PG 
activation akin to that displayed by unmodified SK. Id other 
words, the duration of the initial lag, which vanes depending 
on the type of hybrid coastruct, is rapidly followed by PC 
activation rates closely similar to that of natural type SK. 
Their simultaneous presence of the afore -mentioned two 
distinct biochemical properties in the same clot-dissolver 
protein molecule renders these hybrid streptokinases as very 
—useful-drugs- for targeted,- time-delayed- clot lysis- during — - 
thrombolytic therapy. 

[0010] 'l*he biologically active form of Streptokinase (SK) 
is either the SK-plasminogen or SK-plasmin moleculc/s, 
formed in the circulatory system by the association of SK 
with endogenous plasminogen soon after its administration 
on in vivo. 'Phis complex is also known as the activator 
complex, a highly specific protease that activates substrate 
molecules of plasminogen to plasmin, which proteolytically 
digests fibrin and helps restore blood circulation in occluded 
vessels (Castcllino, C. J., 1981., Chem. Rev. 81:431). Unlike 
free SK, which does not possess fibrin affinity, this complex 
already possesses substantial fibrin affinity of its own due to 
the "kringle" fibrin binding domains present in the plasmi- 
nogen), part of the SK-plasmin(ogen) activator complex 
(Fears R., 1989., Biochem. ./. 261: 313; see also references 
cited therein). Nevertheless, unlike other preferred plasmi- 
nogen activator protein drugs such as tissue plasminogen 
activator (TPA) which possesses intrinsic fibrin affinity as 
well as a fibrin dependent plasminogen activation kinetics, 
the administration of SK during clot dissolution therapy 
often leads to unwanted systemic activation of plasminogen 
throughout the circulatory system due to immediate activa- 
tion of circulating plasminogen, as opposed to the desired 
activation in and around the fibrin clot occluding the How of 
blood through the affected vessel/s. 

[001 1] Thus, it will be of significant clinical advantage if 
SK could be engineered to posse increased fibrin affinity/ 
specificity together with a markedly slower initial rate of 
activation of plasminogen (PG), but becoming capable of 
activating plasminogen in a manner similar to that of 
unmodified SK after an initial hiatus. 'Ifius, soon after 
injection into the body, whilst it is still in an inactive or 
partially active slate, the engineered SK will bind to I he 
pathological fibrin clot while still in an inactive or partially 



active state, as it sojourns through the vascular system by 
virtue of the engineered fibrin affinity. However, after the 
initial lag in its PG activation kinetics is overcome in a few 
minutes, it will preferentially become activated in the imme- 
diate vicinity of the clot where it is now sequestered, thereby 
obviating or significantly minimizing the systemic PG acti- 
vation coincident with natural SK administration which 
immediately activates PG upon administration. Thus, whilst 
the former property (of fibrin affinity) would be expected to 
confer on the new thrombolytic agent an ability to target 
itself to the immediate locale of the pathological clot and 
thus help build up therapeutically effective concentrations of 
the activator therein, the other property (of an initially slow 
kinetics of PG activation) would result in an overall dimin- 
ished generation of free plasmin in the circulation. The net 
result shall be a continued and more efficient fibrinolysis at 
the target sustained by considerably lowered therapeutically 
effective dosages of the thrombolytic agent. In conclusion, a 
fibrin affinity per se in SK has little beneficial consequences 
(which anyway the SK-PG complex possesses in some 
measure) unless the systemic PG activation is thwarted 
and/or delayed 

[0012] An important attribute of the present invention is 
the preparation of different types of novel and the undis- 
closed chimeric SK derivatives produced by recombinant 
DNA technology using defined gene-segments of SK and 
KBD combined in a pre -designed manner. 'Ill esc novel 
genetic— constructs -have b een— designed— using— prccisely- 
defmed DNA elements that encode for SK and fibrin binding 
domains, or their modified forms so as to retain the func- 
tional characteristic of each (PG activation and fibrin affin- 
ity, respectively) as well as a characteristically altered PG 
activation kinetics, The chimeric proteins so produced have 
two types of elements (SK and the finger-type fibrin binding 
domains, or there modified forms) in a predefined and 
predetermined order of juxtaposition with respect to each 
other, so that the chimeric proteins expressed from these 
genes possess discrete, definable covalent structures. In 
other words, the chimeric proteins contain SK or parts 
thereof, connected through polypeptide linkage with the 
relevant protein domains that confer fibrin affinity to the 
resultant hybrids and also specifically result in altered kinet- 
ics of PG activation. The latter is characterized by an initial 
lag, or absence of PG activation, of several minutes duration 
(viz, time-delayed PG activation), followed by high rates of 
PG activation akin to that of unmodified SK. The initial lag 
(which varies from approx. 8 m in to 25 min depending on 
the design of the SK derivative) is rapidly followed by high 
rate of PG activation closely similar to that displayed by 
natural type SK. I*he simultaneous presence of the afore- 
mentioned two biochemical properties in the same PG 
activator molecule has not been disclosed in the SK-dcrived 
molecules in either of the patent disclosures cited above. In 
addition, the present patent discloses now combinations of 
DNA sequences that have l>een used to express the novel 
protein molecules with a unique combination of functional 
properties, mentioned above, which am not disclosed in the 
other patents. 

[0013] 'Die rationale for the construction of hybrid SK 
derivatives as disclosed in the process of the present inven- 
tion with both fibrin specificity and delayed PG activation 
kinetics is explained below. 
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[0014] 'l*be molecular basis for the fibrin affinity displayed 
by fibroncctin has been studied in some detail in recent years 
(Maisuka, Y. V., Medved, K. V., Brew, S. A. and Ingbam, K 
C, 1994, J. Biol. Chem 269:9539). Under physiological 
conditions, F*N first interacts revcrsibly (but with relatively 
high affinity) with fibrin and is then covaJently incorporated 
into the fibrin clot matrix through clotting factor XIII, a 
tranglutaminase (reviewed in,. Ruoslahti, 11, 1988, Ann, 
Rev. BiocJiem. 57:375), whose action results in the covalent 
cross-linking between KN, and a lys residue in fibrinogen) 
at the reactive Gin (residue 3) of the former. Ilie region/s 
responsible for the interaction of FN with jibren have been 
identified to reside both in the N-terminal as well as the 
C-terminal ends of this multi-domain protein. The N-termi- 
nal region of FN comprises of live finger modules (FDDs) as 
well as tranglutaminase cross-linking fl Ti) site, whereas the 
C-tcrminal region, lacking a TG site, contains three mod- 
ules, as demonstrated by the binding of different polypep- 
tides derived from F*N carrying these two broad regions to 
fibrin-agarose. The exact domains in the N-terminal region 
responsible for the strong binding of the FN module, and 
their relative contributions towards this interaction have 
been analysed closely (Matsuka, Y. V, Medved, I... V., Brew, 
S. A. and Ingham, K. C, 1994, J. fiiol. Chem, 269:9539 and 
Roslagoo et al., 1994; J. Biol. Chem. 269; 31938) by 
expressing DNA segments encoding various combinations 
of the modules in heterologous cells and/or by examining 
the fibrin binding properties of polypeptide fragments car- 
rying these modules prepared by limited proteolysis of FN. 
-/rhese-studics- clcarly- idcntified_that_of all_thc_ individual _ 
modules present in the N-terminal region of FN, the bi- 
modular arrangement viz, FBD 4 and 5 domains, displayed 
a fibrin affinity significantly comparable to the interaction of 
the full-length F'N molecule, in contrast to all the other 
domains either as pairs or individually (including 4 and 5) 
which displayed poor affinity at 37° C. It is therefore clear 
from these studies that physiologically effective fibrin bind- 
ing is not a common property of all the modules, either 
individually or in pairs, but is principally located in the FBI) 
pair of 4 and 5, and to a relatively lesser extent, in domains 
1 and 2. 

[0015] To achieve the functional objective of an initially 
time-delayed PG activation kinetics a by hybrid SK deriva- 
tives, our design utilizes the fusion of selected regions of the 
FUBs of human libroncctin or its homologous sequences 
present in other proteins with SK (or its partially truncated 
forms) at strategically useful points so as to kinetically 
hinder the initial interaction of SK with PG necessary to 
form the 1:1 stoichiometric activator complex. It is known 
that of the 414 residues constituting native SK only the first 
.1 5 residues and the last 31 residues are expendable, with the 
resultant truncated polypeptide being nearly, as active as the 
native full-length protein in terms of PG activation ability 
(Jackson, K. W„ and Tang, J. (1982) Biocftemistry 21 : 6620). 
Further truncation at either end results in drastic decrease in 
the activity associated with the molecule (Malke, II., Rex;, 
B., and Ferretli, J. J. (1987) In: Streptococcal Genetics. 
Ferrclti, J. J., and Curtis, R. Ill [Ud.]Proc. American Society 
for Microbiology., Wash. D.C p. 143). It has been demon- 
strated that SK interacts with PG through at least two major 
loci, mapped between residues 16-51 and 230-290 
(Nihalani, D., Raghava, G. P. S., and Sahni, G., 1997, Prot. 
Sci. 6:1284), and probably also the region in and around 
residues 331 -332 (I .in, F. K., Ocun S , Iloung, A., and Reed, 



G. I,., 1996, Biochemistry 35:16879); in addition, the 
sequences at the C-terminal ends, especially before the last 
30-32 residues of the native sequence (Kim. I. C, Kim, J. S., 
fx*, S. II., and Byun, S. M. 1996, Biochem. Mot. Bio. Int. 
40:939. 1 jee, S. II., Jcong, S. T. Kim, I. C. and Byun S. M. 
1997 Biochem. Mol. Bio. fnt. 41:199. Fay, W. P., Bokka, I.. 
V., 1998, Thromh. Uaemost. 79;985) are important in gen- 
erating the activator activity associated with the complex. 
Since a primary consideration in designing the SK-FBI) 
chimeras was the the engineering of a decreased, or kineti- 
cally slowed, initial PG activation rate, we reasoned that 
either the G- or N-iermini (or both, together) could be utilize 
to bear the FBDs in the hybrid structures, and that the 
presence of such extra domains in SK, either full-length or 
already truncated to the most functionally relevant regions 
of human libroncctin that can independently bind fibrin 
under physiological conditions (detailed earlier) and would 
also suitably retard and/or delay the PG activation rales 
observed normally with native SK and PG by interfering in 
the interactions of SK with PG to generate a functional 
activator complex. If the polypeptide in between these two 
distinct parts constituting the chamcra were suflicicntly 
flexible, proteolytic scission in this region would then result 
in the removal of the retarding/inhibiting portion (Mil) 
component) from the SK-MID hybrid and lead to a burst of 
PG activation after an initial delay. 'Itiis proteolysis could be 
mediated by the amounts of endogenous plasm in generated 
in the vicinity of the pathological clot by intrinsic plasmi- 
nogen activator/s of the system, such as TPA, urokinase etc 
already. .prescnt_in. the circulatory.^ system ._Indecd,. this, 
premise was borne out by experimentation, which showed 
that the lag times of PG activation by the SK-FBI) chimeras 
disclosed in this invention were directly governed by plas- 
min-mediatcd proteolysis of the hybrid proteins leading to 
the liberation of the FBD portion from the SK-FBD fol- 
lowed by rapid PG activation by the SK. The direct impli- 
cation of this functional property in a plasminogen activator 
is that once injected into the body, the protein could then 
traverse in an inactive state through the circulatory system 
and bind to the pathological clot by virtue of the fibrin 
affinity imparted by the fibrin binding domains thereby 
obviating or minimizing systemic PG activation. 'ttius, if the 
thrombolytic agent traverses the circulation prior to this 
activation (which is known to require 3-5 minutes in the 
human circulation), the fibrin affinity in the chimera would 
allow it to bind to the clot, thereby helping to localize the PG 
activation in and around the immediate vicinity of the 
thrombus. 

[001 6] The amino acid sequence of human FN is known to 
be composed of three types of homologous repeats (termed 
type-1, type-2 and type-3), of which the FBDs at the amino 
terminus of FN are made of five type-1 repeals, each 
approximately 50 residues long and containing two disulfide 
bridges. 'Ilie C-tcrminus of FTJ also has three lype-2 homol- 
ogy repeats that are involved in fibrin -FN interactions. 
'Ilierefore, altogether, a large portion of the l*N molecule, 
representing the several N- and (.'-terminally located FHDs, 
could be linked with SK if all of the fibrin interacting regions 
need to be incorporated into the contemplated SK-lrBD 
chimeras. However, such a design produces a chimeric 
protein that is not only too bulky, but also decreases the 
probability for the polypeptide to fold into a biologically 
active conformation due to the presence of a large number 
of S-S bridges that may form non-native, intra- and inter- 
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molecular disulfide bonds. Instead, a potentially more 
worthwhile proposition is to seek miniaturised but, never- 
theless, functionally active combinations of selectively trun- 
cated regions of SK and/or FBDs. 

ORJUCIS 

[0017] 'ITie main objective of the invention is to provide a 
novel chimeric streptokinase -based plasminogen activator 
protein molecule with advantageous characteristics of 
improved fibrin affinity and plasminogen activation kinetics 
characterized by an initial lag of several minutes* duration (5 
to 30 minutes) prior to attainment of full-blown capability of 
P(i activation. 

[0018] Another object is to provide a system for the 
production of the hybrid polypeptides, which includes DNA 
scgmcnts/polynucleotidc blocks encoding the polypeptides, 
pi asm ids containing these genetic elements capable of their 
expression into protein, as well as microorganisms trans- 
formed with these plasm ids. 

[0019] Yet another object is to design a process for the 
production of the hybrid plasminogen activator protein 
molecules in pure and biologically active form for clinical 
and research applications. 

[0020] Another object is to provide an improved process 
for the intracellular production of large quantities of SK, or 
its modified forms, in E. coli using an altered DNA poly- 
nucleotide, and obtain these in a pure and biologically active 
- form — : : : 

[0021] A further object is to provide pharmaceutical com- 
positions comprising novel chimeric streptokinase-bascd 
plasminogen activators of the invention and pharmaceuti- 
cal^ acceptable carriers. 

SUMMARY 

[0022] The invention provides hybrid plasminogen acti- 
vator comprising a polypeptides bond union between strep- 
tokinase (SK), or modified forms of SK, or suitable parts 
thereof, which art capable of plasminogen (PG) activation, 
with fibrin binding regions of human libronectin selected 
from the pair of fibrin binding domains 4 and 5, or domains 
1 and 2, or modified forms thereof, to achieve various motifs 
for joining the fibrin binding domain with streptokinase or 
its modified forms, so that the hybrid plasminogen activator 
possesses the ability to bind with fibrin independently and 
also characteristically retains a plasminogen activation abil- 
ity which becomes evident only after a pronounce duration, 
or lag, after exposure of the plasminogen activator to a 
suitable animal or human plasminogen. 

DliTAIIJil) DESCRIPTION 

[0023] 'ITie present invention provides a hybrid streptoki- 
nase -based plasminogen activator prepared by conventional 
recombinant DNA techniques e.g., those described in 'Sam- 
brook et al., Molecular Cloning: A laboratory Manual'* (II"' 1 
lid., Cold Spring Harbor Press, 1989) and DNA Cloning' 
(vol. I to III) (Clover, D. M., [lid.], IRL Press lid., I ondon; 
.1987), among several other manuals/compendia of proto- 
cols, and the techniques of protein purification and charac- 
terization, iu particular the various chromatographic meth- 
ods employed conventionally ■ for purification and 
downstream processing of natural and recombinant proteins 



and enzymes viz, hydrophobic interaction chromatography 
(IMC), ion-exchange and gel filtration chromatographics, 
and affinity chromatographic techniques well-known in the 
field of protein biochemistry (e.g., in this regard, reference 
may be made to: (i) Protein purification. Principles, high 
resolution methods and applications Janson, J-C, and Ryden 
1-., [lid.], VCII Publishers Inc., New York, 1989; (ii) Process 
Chromatography: A practical guide. Sofer, (i. K., and Nys- 
tom, I... 11, [1-d.], Academic Press, New York, 1.989). 

[0024] The advantage of the present invention lies in its 
disclosure of the design of structurally defined hybrid DNA 
polynucleotide constructs in which the translational in- 
frame fusion of the DNAs encoding SK or its modified 
forms, and the minimally essential parts of the libronectin - 
encoding DNA polynucleotides essential for significant 
fibrin affinity on their own, such as those FBDs that possess 
independent fibrin binding capability (such as finger 
domains 4 and 5 of human fibroneclin) is carried out in such 
a configuration confers the additional property of a time- 
delayed plasminogen activation in the resultant hybrid pro- 
tein molecules. r lTic latter arc expressed by traaslation of the 
hybrid polynucleotides formed between the SK-cncoding 
DNA and he PHD encoding DNA in a suitable host cell such 
as a bacterium, yeast, animal, plant cell etc. The resultant 
hybrid proteins, containing SK and MID portions fused to 
each other through polypeptide linkages, can be isolated in 
pure form by conventional methods of protein purification. 

BRIEF DESCRIPTION QI YWH DRAWINGS 

[0025] FIG. 1. Schematic representation of different chi- 
meric proteins prepared by the fusion of SK and HJDs. 

[0026] FIG. 2. Map of plasmid pJKO-8, containing SK 
gene from S. equisimilis II46A. 

[0027] FIG. 3. DNA and protein sequence of streptokinase 
of 5. equisimilis II46A (GencBank accession number; 
gb/K02986/S r fRSKC). 

[0028] FIG. 4. Partial restriction enzyme map of DNA 
encoding for SK. 

[0029] FIG. 5. Map of plasmid pl ; H-6, containing MID 1 
to 5 encoding sequences according to Kornhblitt, A. R., 
Umezawa, K, Vibc-Pcdcrscn K. and Baralle, F. Ia., (1985) 
KM HO J. 4:1755. 

[0030] FIG. 6. DNA and protein sequence of the gene- 
segment encoding, for FBDs 1-5 of human libronectin (the 
DNA sequence has been obtained from UMBI.; the file and 
accession no/s are ID-IISI1B1 and X 02761 K 00799, K 
02273.X 00307, X 00739). 

[0031] FIG. 7. Restriction enzyme map of DNA encoding 
the live N-terminally located P'BDs of human libronectin. 

[0032] FIG. 8. Map of plasmid pliT23(d). 

[0033] FIG. 9. Flow chart schematically depicting the 
main steps in the coastruction of a plasmid vector for the 
expression of the native SK gene ol\S. equisimilis II46A. 

[0034] FIG. 10. Flow diagram schematically depicting (he 
main steps involved in the repair of the vector plif23(d)SK 
i.e construction of expression vector pl£T23(d)SK-N*rRN 
(NTRN: abbrev. form for N-terminally repaired with jialive 
sequence). 
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[0035] FIG. 11. Nucleotide sequence of SK-NTRN gene. 

[0036] HG. 12. Predicted secondary structure of native 
(A) and translation ally modified (It) 5-ends of the SK gene 
sequence. 

[0037] FIG. 13. Schematic flow diagram depicting the 
main steps in the construction of a pi asm id vector 
[pUT23(d)SK-NTR] for the intracellular hyper-cxpression 
of a semi-synthetic SK gene in which the 5'-cnd of the 
open-reading-fame for SK was selectively modified in a 
translationally silent manner at the DNA level, so that it 
encoded for the primary structure of S. equisimilis SK. 

[0038] FIG. 14. Nucleotide sequence of SK-NTR gene. 

[0039] FIG. 15. Schematic depiction of the intcrgenic 
region of the chimeric SK-n*D(4,5) g cnc highlighting the 
design of a gly-gly-gly sequence, a transglutaminases cross- 
linking site and several unique restriction enzyme sites 
wherein different inter-genic cassettes can be conveniently 
swapped into this region. Also shown is the location of the 
natural Hun. I site in the SK gene which was exploited as the 
common junction point for joining the FBI) sequences to the 
SK gene. 

[0040] FIG. 16, How diagram depicting the main steps in 
the constriction of plasmid pSKMG400 containing the SK- 
FBD(4,5) hybrid DNA block composed of I BD(4,5) 
sequences linked to. the intcrgenic sequences at its 5*-cnd, 
and the SK gene fused in-frame at the 3'-cnd. 

- [0041]- -FIG.-17a.-Schemc depicting the. cloning oLthc. 
hybrid SK-l ; BO(4,5) cassette into pET23(d)SK-NTO for 
intracellular expression of SK-l ; BD(4,5) chimeric protein in, 
A\ coli. 

[0042] FIG. lib. DNA sequencing data of SK-1 BD(4,5) 
hybrid cassette in '17 expression vector, pE' f23(d). 

[0043] FIG. 18. Schematic flow diagram for cloning of 
SK-FBD(1,2) hybrid gene in pBhicscript, to obtain 
pSKMG400-FBD( 1 ,2)]. 

[0044] FTG. \9a. Schematic description of steps involved 
in the cloning of the hybrid gene-conslruct SK-I ; BD(1,2) 
into expression vector pE r H3(d)SK-N T l*R for intracellular 
expression of SK-I<BD(1,2) chimera in coli. 

[0045] FIG. \9b. DNA sequencing data of SK-1 BD(1 ,2) 
hybrid cassette in '17 expression vector. 

[0046] FIG. 20. Scheme of steps involved in the construc- 
tion of hybrid gene block composed of DNA encoding for 
FBD(4,5) and residues 1-63 of SK by the Overlap Extension 
PGR technique. 

[0047] FIG. 2la. Scheme depicting steps involved in the 
cloning of the l ; BD(4,5)-SK gene block for expression of 
FBD(4,5)-SK chimera in K. coli. 

[0048] FIG. 21A>. DNA sequencing data of IBD(4,.S)-SK 
gene block as present in the '17 expression vector pE'l^d)- 
1BD(4,5)-SK. 

[0049] FIG. 22<7. How chart depicting schematically the 
steps involved in the construction of l ; BD(4,.S)-SK-l ; BD(4, 
5) hyhrid gene in pE'l*23( l 0 expression vector. 

[0050] FIG. 22A>. DNA sequencing data (>r 1BD(4,5)-SK- 
l ; BD(4J>) gene block as present in the 17 expression vector 
pli*l'23{d)HilX4^)SK-l' , Bn(4,5). 



[0051] FIG. 23. Purification of SK-1 BD(4,5) protein 
expressed in E, coli by a one-step affinity chromatographic 
procedure. 

[0052] FIG. 24. Clot lysis by purified SK-FBD(4,5) chi- 
meric protein iu a plasma milieau. 

[0053] Accordingly, the present invention provides a 
hybrid plasminogen activator comprising a polypeptide 
bond union between streptokinase (SK), or modified forms 
of SK, or suitable parts thereof, which are capable of 
plasminogen (PG) activation, with fibrin binding regions of 
human fibronectin selected from the pair of fibrin binding 
domains 4 and 5, or do ma ids I and 2, or modified forms 
thereof, so that the hybrid plasminogen activator possesses 
the ability to bind with fibrin independently and also char- 
acteristically retains plasminogen activation ability which 
becomes evident only after a pronounced duration, or lag, 
after exposure of the plasminogen activator to a suitable 
animal or human plasminogen. FIG. 1 describes the differ- 
ent designs of the SK-KBD hybrid proteins schematically as 
disclosed in the invention. 

[0054] In an embodiment, the invention provides a hybrid 
plasminogen activator which caries out plasminogen acti- 
vation only after a lag period varying between 5 and 30 
minutes after exposure of the plasminogen activator to a 
suitable animal or human plasminogen. 

[0055] In a further embodiment, the invention provides a 
DNA segment encoding the hybrid plasminogen activator. 

[0056]" In^t"anb^heranl^imcni; the invention provides" 
an expression vector containing a DNA segment encoding 
the hybrid plasminogen activator. 

[0057] In another embodiment, the invention provides 
prokaryotic or cukaryotic cells, transformed or transfected 
with expression vectors, and capable of expressing the 
hybrid plasminogen activators. 

[0058] The invention further provides a method for the 
preparation of hybrid plasminogen activators possessing 
useful plasminogen activation characteristics, said method 
comprising steps of: 

[0059] (a) Preparing a first DNA encoding a nucle- 
otide sequence for strepptokinase or any of its modi- 
fied forms, by conventional biochemical or chemical 
methods or appropriate combinations thereof, to 
produce a traasitional product, which is a polypep- 
tide that can activate plasminogen 

[0060] (b) Preparing a second DNA polynucleotide 
by known biochemical or chemical methods or 
appropriate combinations thereof, that encodes for 
the fibrin binding domains selected from the of fibrin 
binding domains 4 and 5, or domains 1 and 2, or their 
modified forms, that are capable of conferring affin- 
ity and/or specificity for fibrin, and linking these to 
another DNA molecule that is capable of undergoing 
multiplication in a suitable host cell, 

[0061] (c) Construction of hybrid polynucleotides, 
between the first DNA encoding for streptokinase, or 
its modified forms; that encode for a polypeptide 
capable of plasminogen activation, with the second 
DNA encoding for the fibrin binding domain (FBD) 
of fibronectin by conventional methods, in the native 
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translational codon frame starting with an initiator 
codon, and joining of the hybrid polynucleotide into 
a recipient DNA molecule, such as a pi asm id capable 
of a autonomous replication in a host cell, or capable 
of integrating into the genomic DNA of a suitable 
host cell, and expressing the hybrid protein therein, 

[0062] (d) Introducing the DNA containing the 
hybrid polynucleotide constructs obtained in step (c) 
into an appropriate host, selected from the group 
comprising E. coli, Bacillus sp., yeast, fungus, plant, 
animal cell by conventional methods. 

[0063] (e) Culturing the host cells expressing the 
SK-lrBD chimeric polynucleotide using known pro- 
cedures, 

[0064] (f) Isolating components of the culture, 
selected from extracellular fluid from fermentation, 
intracellular milicau of the host call or combinations 
thereof, that harbour the expressed chimeric 
polypeptide in an enriched form, and then partially 
purifying the chimeric polypeptides using conven- 
tional procedures selected from the group compris- 
ing ccntrifugation, ultrafiltration, precipitation with 
salts or organic solvents etc, or chromatography on 
suitable media, or combinations thereof, 

[0065] (g) Refolding the hybrid polypeptide to a 
biologically active and structurally intact form, if 
required, 

[0066] (h) Further purifying the biologically active 
hybrid polypeptide from the relatively crude or par- 
tially pure matcrial/s or call-free lysate obtained at 
step (0, or 

[0067] (g) above, after refolding, using conventional 
methods of protein purification, or by affinity chro- 
matography on a suitable matrix comprising immo- 
bilized fibrin or fibrinogen, or specific antibodies that 
recognize and bind with the active, biologically 
active hybrid proteins, 

[0068] In an embodiment, the invention provides a method 
for the production of the hybrid plasminogen activator 
proteins including DNA segments/poly nucleotide blocks 
encoding the polypeptides, pi asm ids containing these 
genetic elements capable of their expression into protein, as 
well as microorganisms or other suitable host cells traas- 
formed with these plasm ids. 

[0069] In another embodiment, the invention provides a 
method for the production of the hybrid plasminogen acti- 
vator molecules in pure and biologically active farm for 
clinical and research applications. 

[0070] In another embodiment, the invention provides a 
method for the intracellular production of large quantities of 
SK, or its modified forms in bacteria such as E. coli, using 
a polynucleotide block that is altered as compared to that of 
the natural DNA sequence encoding for SK or its modified 
forms, and obtain these in a pure and biologically active 
form. 

[0071] In yet another embodiment, the invention provides 
a method wherein the 5'-end of the SK-encoding polynucle- 
otide utilized for expression of SK, or its modified forms 
such as the SK-FHD chimeric polypeptides, is modified, as 



exemplified by the DNA sequence provided in FIG. 13, by 
mutagenesis by known biochemical or chemical DNA syn- 
thesis techniques, or their combination, such that the sec- 
ondary structure- forming capability (e.g., the intramolecular 
hydrogen bonding capability) of its transcript is diminished, 
resulting in increased efficiencies of expression of SKor its 
modified forms such as SK-FBD chimeras in the heterolo- 
gous host cell. 

[0072] In another embodiment, the invention provides a . 
method wherein the 5'-end of the SK-encoding DNA or its 
modified forms such as the SK-FBD chimeric polypeptides, 
is modified by mutagenesis by known biochemical or chemi- 
cal DNA synthesis techniques, or a suitable combination 
thereof, in such manner that the codons utilized in the DNA 
polynucleotide arc compatible with those frequently utilized 
in coli or the host cell used for the expression of the genes. 

[0073] In another embodiment, the invention provides a 
method wherein the DNA encoding those fibrin binding 
domains that possess independent fibrin binding capability 
are fused in the correct translational frame at the 5'-end of 
the SK-cncoding DNA, after a translational start codon, and 
then expressed into protein of the form exemplified in FIG. 
1C, refolded oxidativcly and isolated in the purified form, to 
obtain the desired characteristic in the chimera viz, charac- 
teristic PG activation properties characterized by an initial 
lag in the PG activation rates together with significant fibrin 
affinity. 

[0074] In another embodiment, the invention provides a 
method wherein the fibrin binding domain arc fused in- 
framc at the C-tcrminal end of the SK, or its modified form, 
to obtain a hybrid SK-fibrin binding domain protein that 
contains selected fibrin binding domains at the (^terminal 
end of the SK portion of the chimera after expression of the 
hybrid DNA in a suitable host cell, as exemplified in FIGS. 
I A and IB, to obtain the desired characteristic in the 
chimera viz, characteristic PG activation properties charac- 
terized by an initial log in the PG activation rates together 
with significant fibrin affinity. 

[0075] In another embodiment, the invention provides a 
method wherein the fibrin binding domains are fused trough 
polypeptide linkage at the C-tcrminal end of the SK devoid 
of upto 45 amino acids, preferably 31 amino acid residues,^ 
'Itius, a hybrid SK-FBD protein is generated that contains 
selected fibrin binding domaias fused at the G-terminal end 
of a truncated SK, thus yielding a chimeric protein that has 
both fibrin affinity as well as delayed PG activation prop- 
erties. 

[0076] In yet another embodiment, the invention provides 
a method wherein fibrin binding domains are fused at both 
the ends of SK, or its modified forms that retain a plasmi- 
nogen activator ability, simultaneously (in the configuration 
represented as 'FBD-SK-FBD', as schematically depicted in 
FIG. 1, O) to achieve the desired functionality in the hybrid 
construct viz., characteristic plasminogen activation proper- 
ties characterized by an initial lag in the PG activation rates 
together with significant fibrin affinity. 

[0077] In another emlx>diment, the inveotion provides a 
method wherein the novel chimeric polypeptides are 
expressed in E. coli or other suitable host cells. 

[0078] In another embodiment, the invention provides a 
method wherein SK or its truncated form/s are fused through 
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polypeptide linkages with the fibrin binding domains known 
to possess independent fibrin binding capability through a 
short lioker peptide regiou comprising of a stretch of amino 
acid sequence that Ls not conformational ly rigid but is 
flexible, such as those predominantly composed of Gly, Scr, 
Asn, Gin and similar amino acids. 

[0079] In another embodiment, the invention provides a 
method wherein SK or its modified forms arc fused with 
fibrin binding domains through a "linker" peptide composed 
of amino acid sequences that provide varying levcLs of local 
conformational flexibility by incorporating sequences that 
fold into relatively rigid secondary structures such as beta- 
turns so as to obtain different chimeric PG activator proteins 
with desirable initial lag-times in their plasminogen activa- 
tion kinetics. 

[0080] Id another preferred embodiment, the SK-KBD 
hybrid polypeptides arc expressed in K. coli using known 
plasmids under the control of strong promoters, such as lac, 
trc, trp, '17 RNA polymerase and the like, which also contain 
other well known features necessary to elfcct high level 
expression of the incorporated DNA polynucleotides encod- 
ing for the hybrid Streptokinase-fibrin binding domain 
polypeptides e.g. Shine-Delgarno sequence, transcription 
terminating signals etc. 

[0081] In yet another embodiment, SK or its truncated 
forms are fused either at the amino- or C-tcrmini, or both 
through polypeptide linkages with the l ; l*l>s known to 
poss ess independent fibrin_ binding capability, such a s 
domaias 4 and 5, through short 'linker' regions, as described 
above, that contain amino acid scquence/s providing varying 
levels of local conformational flexibility to the linker seg- 
ment between the SK and FBD portions of the hybrid 
protcin/s. 

[0082] In yet another embodiment, various chemical or 
physical agents, such as iso-propyl- l>eta-0-thio galacto 
pyranoside (IF ITS), lactose, low or high temperature change, 
changes in salt or pi I of medium, ethanol, methanol, and the 
like, are used to induce high levels of the SK or the various 
hybrid polypeptides in the host cell in which the hybrid 
polynucleotides are l>ciug expressed. 

[0083] In another preferred embodiment, the hybrid SK- 
1 ; HD polynucleotides are expressed in K. coil. 

[0084] In yet another embodiment, the /*,*. coli cells are 
lysed by chemical treatment such as the use of chaotropic 
salts e.g. guanidinium hydrochloride and the like, to effect 
the liberation of the SK or its modified hybrid forms, which 
are then purified using conventional procedures. 

[0085] In yet another embodiment, the invention provides 
a method wherein the host K. coli cells are lysed by chemical 
treatment such as chaotropic salts e.g., guanidinium hydro- 
chloride and the like, to effect the liberation of the SK or its 
modified chimeric forms, follow by purification using con- 
ventional methods. 

[0086] In another cmlwxlimenl, the invention provides a 
method wherein the crude, cell-lysales obtained, using either 
conventional methods or by employing chaotropic salts, 
from cells elaborating the chimeric polypeptides are sub- 
jected to air oxidation to refold the chimeric polypeptides to 
their biologically active conformations containing the native 
cystine connectivities. 
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[0087] In another embodiment, the invention provides a 
method wherein the crude cell-lysales obtained using either 
conventional methods selected from the group consisting of 
enzymatic lysis of cells, ultrasonic lysis, lysis by mechanic 
meal or by employing chaotropic salts, from cells elaborat- 
ing tho chimeric polypeptides are subjected to oxidation and 
refolding using a mixture of reduced and oxidized glu- 
tathione of a suitable redox potential that allows the chi- 
meric polypeptides to refold to their biologically active 
con fo rm at ions. 

[0088] In yet another embodiment, the invention provides 
a method wherein the refolding reaction is carried out in the 
presence of immobilized fibrin to promote a more efficient 
ligand- induced refolding of the epitopes responsible for 
fibrin affinity in the said chimeric polypeptides, and conse- 
quently higher yields of the biologically active chimeric 
protein constructs. 

[0089] In another embodiment, the invention provides a 
method wherein the biologically active chimeric polypep- 
tides are purified selectively from other proteins or unfolded 
SK-1TOD polypeptides, by affinity chromatography on 
immobilized fibrin(ogcn) e.g. fibrin- or fibrinogen-agarose. 

[0090] In an other embodiment, the invention provides a 
method wherein a chimeric plasminogen activator protein is 
used as a mcdicanl for the treatment or prophylaxis of 
thrombolytic diseases. The activator may be formulated in 
accordance with routine procedures as pharmaceutical com- 
p ositi on adapted for i ntravenous admini stration to hum an 
beings, and- may contain stabilizers such as human scrum 
albumin, mannitol etc, solubilizing agents, or anesthetic 
agents such as lignocainc and the like. 

[0091] In yet another embodiment, the invention provides 
a pharmaceutical composition comprising a hybrid plasmi- 
nogen activator and stabilizers such as human scrum albu- 
min, mannitol etc, solubilizing agents, anesthetic agents. 

[0092] In a further embodiment, the pharmaceutical com- 
position of the invention comprises a chimeric plasminogen 
activator protein used as a mcdicant for the treatment or 
prophylaxis of thrombolytic diseases and pharmaceutical^ 
acceptable carriers. The activator may be formulated in 
accordance with routine procedures as pharmaceutical com- 
position adapted for intravenous administration to human 
beings, and may contain stabilizers such as serum albumin, 
mannitol etc., solubilizing agents, or anesthetic agents such 
as lignocainc and the like. 

[0093] I*he DNA polynucleotides encoding the various 
streptokinase-fibrin binding domain hybrid coastructs 
depicted schematically in FIG. 1 be made utilising rl)NA 
aud selective ON A amplification techniques (e.g., the well- 
known polymerase chain reaction technique, abbreviated 
PCR) (reference, in this regard may be made to: Saiki, R. K. 
Scharf,S.,l*a1oona, I Mullis, K. H., Horn, G. T., lirlich, II. 
A.,andAmhcim,N., 1 985, Science 230: 1350; Mullis, K. H., 
aud faloona, l\, 1987, Methods in KnzymoL 155:335). 
'ITtc-hybrid genes are then expressed iu heterologous hosts 
such as bacteria (e.g. IL coli\ or other suitable organisms, to 
obtain the chimeric polypeptides. Bacterial host calls (A*, coli 
XI. Mlue) harbouring the various plasmid coastructs 
expressing the different SK-I ; HI) hybrid proteins (sec 
lixamples section) have been deposited in he Microbial Type 
Culture Collection (MTCC), Institute of Microbial Technol- 
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ogy, Chandigarh (a constituent laboratory of C.S.I .R., India). 
'I*he accession numbers of these constructs are: HPT.. 0013 
for the pET 23(d)-N T m-SK-l-H D(4,5) construct (sec FIG. 
\7a for map of this plasmid); MM, 001.4 for pFT 23(d)-SK- 
NTR-i HD(1,2) (see FIG. 19a); MM. 0015 Tor 
pli*m(d)FBD(4,5)-SK (see FIG. 2\a for map of this plas- 
mid construct); HPT. 0016 for pFR23(d)FBD(4,5)-SK- 
FBD(4,5) (see FIG. 22a for map); 001 7 for pUI73(d)SK- 
NTR (sec FIG. 13 for map of this plasmid construct). The 
proteins expressed from these plasmids can be expressed in 
suitable host cells (e.g. E. coli HI , 21) and then purified to 
render them substantially free of other components derived 
from the host producer cells. In case the polypeptide is 
expressed in a host system not capable of efficient re- 
oxidative folding of the primary translational product/s of 
the hybrid gene e.g. E. coli, an intermediate in vitro refold- 
ing stop Ls introduced subsequent to the expression step. 
Alternatively, the hybrid constructs can be expressed in cell 
systems capable of efficient oxidative refolding of traasla- 
tional products e.g. yeast, animal cells etc. 

[0094] 'Dae DNA polynucleotide encoding for SK was first 
cloned in a bacterial plasmid in E. coli. after isolation from 
the wild-type S. equisimiUs genomic ON A according to 
known procedures (Malke, IT., and Fcrrctli, J. J., 1 984, Proc. 
Nat 'I Acad. ScL 81: 3557) and in recent research publica- 
tions available in the public domain (Pratap, J., Kaur, J., 
Rajamohan G., Singh, D., and Dikshit, K. L., 1996, ttio- 
chem, liiaphys. Res. Common. 227:303). In the process of 
the present invention, the DNA corresponding to the trans- 
lationalopen-rcading-frame^ORI^of SK has been further" 
modified with respect to its 5'-coding sequences so that after 
cloning in au expression vector under the control of a strong 
promoter, large quantities of biologically active SK are 
produced intracellularly. I*hc DNAscqucnce of the SK gene 
from Streptococcus species (American Type Culture Col- 
lection accession No. 12449; this strain has served as the 
producer stain for numerous studies on streptokinase, and is 
often referred to as Streptococcus equisimilis 1146 A in the 
scientific literature). r fhe corresponding amino acid 
sequence of the mature protein are provided in FIG. 3. The 
restriction eu/.yme map of the SK-encoding DNA is pro- 
vided in FIG. 4. 

[0095] 'l"he DNA polynucleotide sequences encoding for 
the fibrin binding domains of human fibronectin were selec- 
tively amplified from known plasmids containing cloned 
cDNA for the FN gene. Komblihtt, A. R., Vibe-Pcdcrsen, K., 
and Haralle, F. H, 1983, Proc. Nat'L Acad. ScL 80:3218. 
have cloned the cDNA encoding for the human fibronectin 
(FN) gene in a plasmid vector in A\ coli (pill 1 ). This cDNA 
extends approx. 2. 1 kb from the poly-A tail of the mRNAof 
fibronectin, around one-fourth of the estimated size of the 
human ITM message (approx. 7900 nucleotides). By further 
mRNA "walking" type of experiments, these investigators 
carried out the coastruction of longer cDNA clones using 
synthetic oligonucleotides complementary the DNAof clone 
pFIII. toy this method, cDNAs corresponding to the com- 
plete FN mRNA were prepared and cloned in several vectors 
(Kornhblitt A. R., Umczawa, K, Vibe-Pedersen, K., and 
Haralle, F. li., (1985) EMHOJ. 4:1755). One such plasmid 
(pFI 16) contained the entire sequences coding for the FHDs 
of the N-lerminal region of human FN (as represented in 
FIG. 5 showing the map of I his plasmid, and in FIG. 6 
showing the nucleotide and amino acid sequence of the FHD 
regions contained in this plasmid ami FIG. 7 for its restric- 



tion civ/.ymc map). Plaid pMI6 served as the source for these 
sequences in the construction of the SK-FBD hybrids. 'Ilie 
fibrin binding domains located in the N-terminal region of 
human FN gene were selectively amplified by PGR using 
specially designed oligonucleotide primers that hybridized 
with DNAsequences flanking the FHD DNA segments to be 
amplified. These primers also contained non- hybridizing 
sequences at their 5*-cnds that provided the intergenic 
sequence (i,e. between the SK and FHD DNA) as well as a 
restriction site through which the amplified DNA could be 
ligatcd with the SK gene in-frame in a plasmid vector. 'Ilie 
cloned hybrid gene was then expressed in /*'. coli so as to 
produce large quantities of the chimeric polypeptide, 'lliis 
protein was then isolated from the E. coli cells and subjected 
to a process of purification and refolding to a biologically 
active form. Similarly, different designs of the SK and VWX) 
hybrids were then constructed using recombinant DNA 
methods, expressed, and isolated in biologically active, 
purified forms. Analysis of the properties of these proteins 
established that these indeed possessed the functional prop- 
erties expected from their design i.e. plasminogen activation 
ability as well as fibrin selectivity. They also displayed the 
additional desired property of a very slow initial kinetics of 
PG activation, which, after a lag varying between 5-30 
minutes, depending on the construct, was overcome, leading 
to high rates of PG activation comparable to native SK. 

[0096] Ilie invention and its embodiments are illustrated 
by the follows examples, which should not be deemed to 
limit the scope of the invention in any manner. Various 
mod i fi cationsthat may be apparent to those skilledln tbelirT 
arc deemed to fall within the scope of the invention 

[0097] I. General Method Used in Examples 

[0098] 1. Recombinant DNA methods: In general, the 
methods and techniques of rDNA well known in the area of 
molecular biology were utilised. These arc readily available 
from several standard texts and protocol manuals pertaining 
to this field of the art, for example, Sambrook ct al, 
Molecular Cloning: A Laboratory Manual (II nd edition, Cold 
Spring Harbor IVcss, New York., 1989; McPhcrson, M. J., 
Quirkc, P., and Taylor, G. R, [Fd] PCR; A Practical 
Approach. TR1, Press, Oxford., 1991). However, pertinent in 
the context of specific experiments describing the present 
invention, particularly where modifications were introduced 
to established procedures, arc indicated in the Examples 
wherever relevant. 

[0099] 2. Cascin-plasminogcn overlay for detection of SK 
activity: bacterial colonies producing streptokinase can be 
routinely detected by overlay of casein and human plasmi- 
nogen in soft agar (Malke, IT., Ferretti, J. J, 1984, Proc. Natl. 
Aca. Sci. 81:3557). Ten ml soft agarose mixture consisting 
of 0.8% agarose, 10% skimmed milk approx. 200 ug of 
human plasminogen, 150 mM NaCl, and 50 M Tris-Cl (pll 
8.0) is poured on top of the plates. The plates are incubated 
at 37° C. for 2-6 h. Positive streptokinase activity is indi- 
cated by the appearance of zones of clearance around the 
colonies (halo formation). 

[0100] 3. Zymography: proteins from total cell lysates are 
separated on 10% SOS- PAG li. After compleiion of electro- 
phoresis run gel is washed with 2.5% Triton X-100 to 
remove any SDS. It is then thoroughly rinsed with standard 
buffer 0.05 M 'Iris CI (pll 7.5) for Triton X-100 removal 
The gel Ls laid on 0.6% agarose plate containing 10% 
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skimmed milk and 0.5 mg/ml human plasminogen. After 
incubating at 37° C. for 2-3 h, an active SK band is 
visualized as a clear band. 

[0101] 4. SOS-PAGE analysis of proteins: SOS-PAGE is 
carried out, essentially according to I,aemmli, U.K., 1970, 
Nature 227:680 with minor modifications, as needed. 
Briefly, protein samples are prepared by mixing with an 
equal volume of the 2xsample buffer (0.1 M TrLs CI, pll 6.8; 
6% SOS; 30% glycerol; 15% beta -me reap toe thanol and 
0.01% Bromophenol Blue dye). Prior to loading onto the 
gel, the samples are heated in a boiling water bath for 5 min. 
The discontinuous gel system usually has 5% (acrylamide 
cone) in the stacking and 10% in the resolving gel. Elec- 
trophoresis is carried out using I .aeramli buffer at a constant 
current of 15 mA first, till the samples enter the gel aud then 
30 m A till the completion. On completion of electrophoresis, 
gel is immersed in 0.1% coomasie Blue R250 in methanol: 
acetic acid: water (4:1:5) with gentle shaking and is then 
destained in destaining solution (20% methanol and .10% 
glacial acetic acid) till the background becomes clear. 

[0102] 5. Immu no- assay of Western blotted proteins: 
Western blotting of the proteins from F. coli carrying 
plasmid eneloded intracellular streptokinase is carried as 
detailed (Towbin, II., Stachelin, T., Gordon, T., 1979, Proc. 
Natl. Acid. Sci. 76: 4350). The cultures* are grown to 600 nm 
of 0.5-0.6, and are induced with 1-5 mM IPrG. The cells arc 
ccntrifuged. The pellet Ls resuspended in cell lysis buffer and 
the supernatant obtained after high-speed ccntrifugation. 
-These fractions- are resolved- on the 10% SDS-PAGE. The— 
gel is equilibrated with the transfer cell buffer (25 mM Tris, 
.175 mM glycine in 20% methanol) and is blotted elcctro- 
phoretically on to the nitrocellulose membrane at 50 V for 
3 h. The blot is blocked with 5% skimmed milk (Oifco) in 
PBS (Phosphate buffer saline) for 14-16 h at 4° C. The blot 
is further washed with 0.1% Twcen-20 in PBS. The blot is 
incubated with the anti-SK antibodies (raised against pure S. 
eqaisimilis SK in rabbit) in 40 ml of PBS containing 5% 
skimmed milk for 3 h at room temperature with gentle 
shaking. The blot is washed with 0.1% Twcen 20 in PBS 
three times for 15 minutes each. Again it is blocked with 
PBS-skimmcd milk for 15 min with gentle shaking at room 
temperature and further incubated with peroxidase -conju- 
gated goat anti-rabbit immunoglobulins at a dilution of 
1:5000 in 20 ml of PBS-skimmed milk (5%) for two 2 h at 
room temperature with gentle shaking. The filter Ls again 
washed with 0.1% Tween 20 in PBS for three times (15 min 
each). Ilie colour reaction for IIRP-linked secondary anti- 
bodies Ls carried out by immersing the blot in .10 ml of 
reaction buffer solution having 10 mg of OAB (di-amino 
ben /.dine) and imidazole each. The reaction is terminated by 
washing with distilled water. 

[0103] 6. Streptokinase assay using chromogenic peptide 
substrate: plasminogen activator activity of streptokinase is 
assayed according to Jackson, K. W., Esmon, N., Tang, T., 
1981, Methods in Enzymology 80: 387. One hundred ul of 
appropriately diluted streptokinase samples, 25 ul of sample 
buffer (0.15 M Tris-CI buffer, pll 7.5) and 15 ul of human 
plasminogen solution (0.5 mg/ml io 0.05 M Tri-Gl, pll 7.5) 
are mixed together. 'I*he tubes are incubated at 37° C. for 15 
min, after which 18 ul of NaCI (1 .77 M in 0.0.32 M Tris-CI, 
pll 7.5) is added. The amount of plasm in generated in the 
first stage is measured by further addition (if 12 ul of 
plasmin-spccific chromogenic substrate, Chrornozymc-PI . 



(Bocbringcr-Maonhcim, Germany), 5 mg/ml in water, and 
the lubes are again incubated at 37° C. for 10 min. After this 
incubation, 0.4 ml acetic acid (0.2 M) Ls added to terminate 
the reaction. '(Tie release of ye I low -colored 4-nitroauilinc is 
monitored at 405 nm spetrophotometcrically. Appropriate 
dilutioas of S. equisimilLs streptokinase obtained from 
WHO, Hertfordshire, U.K. Ls used as a reference standard 
for calibration of international units in the unknown prepa- 
ration. Protein concentration Ls estimated according to the 
method of Bradford, M. M., \916 y AnaL Jiiochem. 72: 248) 
using BSA as a standard. Bradford's reagent (Biorad Inc., 
USA) Ls utilized according to the manufacture's instructions. 
For estimating the concentration, protein -samples in phos- 
phate buffer arc made to 800 ul. To thLs, 200 ul Bradford 
reagent is added and is mixed thoroughly. The reaction is 
maintained at room temperature for 5 min and absorbance at 
595 nm is monitored. The specific activity for PG activation 
(I.U./mg protein) of an unknown preparation of SK or 
SK-FBO is thus determined from the SK assay and protein 
estimation data. 

[0104] 7. Fibrin clot massy for SK: This test is performed 
to determine the clot lysis* ability of any thrombolytic drug, 
such as streptokinase, urokinase or tissue plasminogen acti- 
vator, and is adapted from British Pharmacopia (1980 edi- 
tion). 

[0105] Reagents: (i) 100 mM citrate phosphate buffer, pi I 
7.1 containing 0.8% BSA (referred to as buffcr-1). (ii) 
Bovine fibrinogen (Cobn tfraction-I, obtained from Sigma 
Chemical- Co., St..- Louis,. USA),-2J>- rag/ml_prepared .in— 
buffer- 1). (iii) Bovine thrombin (obtained from Sigma as a 
lyophilized powder). Stock solution of SK, 500 I.U./ml, 
prepared in sterile water and stored in aliquots of 50 ul each 
at -70° C. Before use, one aliquot Ls thawed and diluted to 
50 I.U./ml in buffcr-1. (iv) Human plasminogen (Boehringer 
Mannheim, Germany) stock 1 mg/ml, prepared in sterile 
water. Stored in aliquots of 100 ul each at -70° C. (v) 
Standard SK (from W.H.O., obtained from Dr. P.J. Gaffney, 
Division of Haematology, N.l.B.S.C, Blanche Lane, Pottes 
Bar, Hertfordshire, EN 6 3QG, U.K.). 'fhc standard SK vial 
is composed of 700 international units of SK (in lyophilized 
form alongwilh stabilizers). A complete vial should be 
dLssolved in 700 ul of sterile dist. water to obtain a concen- 
tration of 1.000 l.U./ml. The dissolution should be carried out 
either at 4° C. or by keeping all the solutions on ice. l*he 
dissolved SK is then aliquoted into convenient sizes and 
stored at -70° C. Prior to carrying out clot lysis assay an 
aliquot of 1000 I.U./ml (stock) is thawed and diluted further 
in cold buffcr-1 on ice. Dilutions (A to 0, below) arc 
prepared serially in the following way using a new pipette 
tip for each transfer. 

[0106] A. 10 ul of stock+990 ul of buffer- 1 = 10 I.U./ml. 

[0107] IL 500 ul of A+500 ul of buffer- U5 I.U./ml. 

[0108] C. 500 ul of IU500 ul of buffer- 1=2.5 I.U./ml. 

[0109] 0. 500 ul of C+500 ul of buffer- 1 = 1 .25 I.U./ml. 

[0110] (All dilutions are tempered at 37° C. prior to use in 
the clot lest as are the other solutions to be used). 

[0111] Two hundred ul of each dilution Ls used in the clot 
lysis reaction mixture. One unit of SK (present in 200 ul of 
SK dilution li) is just sufficient to lyse a standard fibrin clot 
in approximately 5 min at 37° C. 
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[0112] C;iot lysis test protocol: (a) Preparation of clot 
(negative control): Duriug each step, the contents of the tube 
are gently mixed. 

[01 13] Step 1 : add 450 ul of buffer- 1 to a small glass tube 
(0.8 mm internal diameter). 

[01 14] Step 2: add 50 ul of bovine thrombin (50 I.U./ml) 
solution to the tube. 

[0.1.15] Step 3: add 100 ul of I rag/ml plasminogen to the 
solution in tube. 

[0116] Step 4: add 4<X> ul of 2.5 mg/ml fibrinogen to the 
solution in tube. 

[01 17] Immediately after step 4, the tube is kept at 37° C. 
in a water bath without shaking. A standard clot forms within 
30-40 seconds. The I.U./ml in the unknown is determined in 
a similar manner after appropriate dilution. 

[0118] II) (Hot lysis with thrombolytic agent (SK): When 
clot lysis is to be performed using standard SK, all the steps 
i.e. 1 , 2 and 3 arc carried out as described above, except that 
at step 1, only 250 ul- of buffer-l is added. Also, at step 4, 
200 ul from the appropriate dilution of SK containing 1-2 
units (as described under Reagents, above) is p remixed with 
400 ul of fibrinogen solution in a separate eppendorf tube, 
and rapidly equilibrated to 37° C. in water bath. This mixture 
is then added to the clotting reaction at step 4, described 
above. The tube is then incubated as previously. A clot is 
formed in the same or lesser time as above, but is now 
followed "by itsIysisT'Itje" time for complete l)^is~Ls~noted 
down using a stop watch. The time for lysis depends upon 
the amount of SK used in the mixture. I,ysis time by a 
particular unit of standard SK (i.e. lysis time of 5 min by 1 
I.U. of SK) is taken as a standard. The unknown preparation 
of SK should be diluted appropriately to obtain a lysis time 
of approximately 5 min, which can then be used to calculate 
the units of SK present in that unknown preparation. 

[0119] 8. Kinetic assays for determining the HPG activa- 
tion by SK or SK-HH) chimeras: A one-stage assay method 
(Shi. G. Y., Chang B. I., Chen. S. M., Wu, D 11. and Wu, II. 
1-., 1 994, Biochem, J. 304:235. Wu, II . I„, Shi. G. Y., and 
Bender, M. I,., 1987, fVoc. Nail. Acad. ScL 84: 8292. Wohl, 
R. C, Sumraaria, L., and Robbins, K. C, 1980, ./. Biol 
Chem. 255:2005) was used to measure the activation of I IPG 
by SK or SK-l ; BDs. Varying concentrations of either SK or 
SK-PBD chimeric protein (10 nM-200 oM) were added to 
100 ul-volume micro-cuvette containing 1 uM of HPG in 
assay buffer (50 mM Tris-CI buffer, pM 7.5, containing 0.5 
mM chromogenic substrate and 0.1 M NaCl). 'I*he protein 
aliquots were added after addition of all other components 
into the cuvette and bring (he spectrophotometric absor- 
bance to y.ero. 'Hie change in absorbancc at 405 nra was then 
measured as a function of time in a Shimad/.u UV-160 model 
spectrophotometer. 

[0120] 9. Assay for determining the steady-state kinetic 
constants for HPG activator activity of SK and SK-I-BO 
constructs: To determine the kinetic parameters for HPG 
activation, fixed amounts of SK or SK-l ; BI>(4-5), 1 nM, 
were added to the assay buffer containing various concen- 
trations of I IPC; (ranging from 0,035 to 2.0 uM) in the 100 
ul. assay cuvette as described above. r 1*be change in absor- 
bance was then measured spectrophotomelrically at 405 nm 
for a period of 30-40 min at 22° C. The kinetic parameters 



for HPG activation were then calculated from inverse, 
Michaelis-Menton, plots by standard methods (Wohl, R. C, 
Summaria, I.., and Robbins, K. C, 1980, J. Biol Chem. 
255:2005). 

[0121] 10. Radioactive fibrin clot preparation: 50 uLul of 
(2.5 mg/ml) cold fibrinogen was mixed with 50 ul (9x10 s 
cpm) of l25 I -label led fibrinogen (specific activity 8x1 0 5 
cpm/ug of fibrinogen) and added to the mixture of 1.1 uM 
I IPC; and 0.25 units of human/bovine thrombin in 0.1 M 
citrate phosphate buffer, pi I 7.5 containing 0.8 percent BSA 
in a total volume of 1 ml in a glass tube (1.3x12 cm). 'Hie 
clot was formed by incubating the mixture at 37° C. for 2 
min. The clot was then washed thrice with 2 ml of 'INT 
buffer (50 mM Tris-CI buJTcr, pH 7.5. containing 38 mM 
NaCl and 0.01 percent Twcen-80) for 2 min at 37° C. As 
required the non- radioactive fibrin clots were prepared by 
omitting !25 I -labelled fibrinogen from the clotting mixture. 

[0122] I I. Clot lysis in the presence of human plasma: 
l25 I-fibrin clot lysis was carried out in the presence of 2 ml 
citralcd human plasma containing different concentrations 
of cither SK or SK-I'N (ranging from 100 to 200 nM at 37° 
C. The reaction tubes rotated slowly at 37° C. and 0.1 ml 
aliquots were removed at regular intervals to measure the 
soluble ,2S l-fibrin degradation products by measuring the 
amount of radioactivity released using a gamma counter. 
'Hie total radioactivity of each clot was determined by 
measuring the radioactivity of the respective tube before 
taking out any aliquots. 

[0123] 12. Clot lysis in the presence of human fibrinogen: 
l25 I- fibrin clot lysis was also carried out in the presence of 
various concentrations of human fibrinogen (ranging from 1 
to 4 mg/ml) containing 100 nM of cither SK or SK-FN. Clot 
lysis was also performed in the presence of fixed fibrinogen 
concentration (2 mg/ml) and different concentrations of SK 
or SK-I ; BI) protein construct (ranging from 50 to 200 nM). 
The rations were incubated at 37° C. with gentle shaking and 
the release of t25 I-fibrin degradation products as a function 
of time was measured as described previously. 

EXAMPLES 

Example I 

High Ijevel Intracellular tixpression of Biologically 
Streptokinase in coll 

[0124] In order to express native-like, full-length S. eqiti- 
similis strain I146A Streptokinase intracellularly in /',*. coli 
the SK-encoding polynucleotide block was transferred from 
the plasm id vector construct pJKD-55 by digesting with Nco 
1 aod Sal I restriction enzymes (R.U.) which liberated the SK 
open-reading- frame (ORI'«}. Plasm id pJKI)-55 contained (he 
streptokinase gene which was isolated from Streptococcus 
sp. (ATCC 12449), also referred to conventionally in the 
scientific literature .V. eqidsimilis strain II46A, by known 
procedures earlier reported for the molecular cloning of SK 
gene and its expression in heterologous hosts such as E. coli 
(Malkc, II. and I'erretli, J. J., 1984, PnK. Nat '/Acad. ScL $\ : 
3557; Pratap, J., Kaur, J., Rajamohan, G., Singh, I)., and 
Dikshit. K. I.., 1996, Biochem. Biophys. Res. Cotwnun. 227: 
303). "Hie latter publication describes the procedures by 
which the SK gene was cloned in E. co/i plasm ids, such as 
pJKD-8 and pJKD-55 used herein, (see below). 
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[0125] The DN A segment liberated From pJKD-55 by R.li. 
digestion was then cloned into plasmid plTI-23(d) (sec KIG. 
8 for map of this plasmid) which had also been treated with 
the same enzymes (Nco I and Sal I) to obtain cohesive ends 
compatible with those of the SK gene (see KIG. 9 for the 
scheme used for this purpose). 'ITiis vector contained an 
initiation codon in-frame with the Nco 1 site of pUT-23(d). 
Upon ligation, the SK open -reading- frame could he recre- 
ated, but one modified at the N-terminal end, together with 
an additional ATG at the 5* end emanating from the re- 
formed Nco I site. 

[0126] 'Die construction of pli'l"23(d)-SK was carried out 
as follows. Approx. 3 ug each of pliT23(d) and pJKD-55 
plasmid ON As were digested (separately) with 20 units each 
of Sal I (37° C. for 6 h), followed by 15 units each of Nco 
I in 20 ul reactions at 37° C. for 10 h. After stopping the 
reactions by heat treatment (65° C, 10 min), followed by 
phenol-chloroform extraction and etbanol precipitation of 
the DNA, the digests ware run electrophorctically on a 1 .2% 
agarose gel to isolate the needed DNA fragments i.e. insert, 
carrying the SK gene from pJKD-55, and the linearized 
vector pin*23(d) [see KIG. 9], The respective fragments 
were purified from the gels using the Prcp-A-Genc DNA 
purification kit of HioRad Inc., CA, USA. The insert and 
double -digested, linearized vector DNAs were then ligated 
at an approx. 3:1 molar ratio (-350 ng of vector and 400 ng 
of the insert liberated from pJKD55) in a 20-uL reaction 
using standard ligation conditions at 1,6° C. for 12 h. After 
this duration, the ligase was heat inactivated (60° G., 15 min) 
and "one-fifth of the ligation reaction ~was~<Ji re ctly"used to " 
transform E. coli XT.^Bluc clcctrocompclcnt cells using the 
following clectroporation conditions with 2 mm internal 
diameter elcctroporation cuvettes (obtained from BioRad 
Inc., Richmond, Calif., USA): voltage, 2.5 KV, resistance, 
200 Ohms, and capacitance 25 uF. Six transform ants were 
picked up from Amp-LB plates on which the transformed 
cells were plated a various dilutions. Individual colonics 
were inoculated into 10 ml l/B-Amp media to prepare 
plasmid DNA by standard methods. The isolated plasm ids 
were then screened clectrophoretically on the basis of 
molecular size to identify the positive clone/s. All six clones 
were positive by this criterion. In order to express full-length 
SK containing all of the amino acid residues of mature .V. 
equisimilis SK (KIG. 3), the native N-terminal was repaired 
using a synthetic "cassette'* approach (refer to KIG. 10 for 
the scheme followed for the repair of the SK gene). I*hc 
portion of the repaired SKgene at the 5' end in pliT23(d)SK 
was obtained through PGR using the primers RG-6 and 
RG-7 with the following sequence ad target specificity. 

[0127] RG-7 (forward primer) 

[0128] 5'-AIT GCT GGA CCT GAG TGG GT-3' 

[0129] (specific for the first seven codons of the SK gene: 
CI KIG. I t) 

[0130] RG-6 (reverse primer) 

[0131] .v-tit tga tit tgg act-3' 

[0132] (specific for codons 57-62 or SK gene) 

[0133] 'Die PGR was carried out using as the template, 
plasmid pSKMG-400, which contained the DNA sequences 
coding for full-leriglb native SK of Streptococcus sp. (ATGG 
1 244°), also referred to as.V. equisimilis 1 1 46 A as described 



earlier. This plasmid was constructed by cloning the Nco 
1-Sal I fragment obtained from pJKD-55 followed by T4 
DNA polymerase -catalyzed fill-in of the two ends (to obtain 
blunt , ends) and cloning at the Leo RV site of plasmid 
BlueScript KS~ (Stralagene Inc., Wis. USA). The two PGR 
primers were designed to amplify the N-terminal portion of 
the native SKgene upto a unique restriction site in the gene 
which could be utilized for recloning the amplified PGR 
product back into pLLi'l , 23(d)-SK for expression of protein. 
Moreover, the 5'end of the RG-7 primer started with AIT, 
coding for He, the first residue of the mature SK-encoding 
DNA (or gene), so that the PGR-ampHfied SK-encoding 
polynucleotide DNA segment could dock in- frame with the 
nucleotides ATG, formed at the Ncol-cut and refilled end of 
the expression vector, thus juxtaposing the initiation codon 
in-frame for the repaired SK ORK 'lnc following PGR 
conditions were used for the amplification reaction (TOO uL 
total): approx. 10 ng pSKMG-400 as template, 20 pmol each 
of the RG-6 and RG-7 primers, 1 ul (2.5 units) of pfu DNA 
polymerase (Stratagene Inc.), 200 uM of each dN'lV's, 10 
ill. of the standard buffer (JOxconc, provided by the Strat- 
agene Inc.). The following cycling parameters were used: 
*hot start'for 5 minutes at 92° G., denaturation at 92° G. for 
1 min, annealing al 50° G. for I m and extension at 72 ° G. 
for 1 min. A total number of 30 cycles, and a final extension 
of 10 min at 72° G. for allow the completion of any of the 
incomplete amplified products, were provide. The PGR 
showed a single band of 160 bp as evidenced by electro- 
phoresis on a 1.2% agarose gel. For cloning the PGR product 
"inlo pET23(d)-SK vector, approx7l0 ug"pGT23(a>«K vec- 
tor was digested 25 units of Nco I restriction enzyme in a 100 
ul reaction using the buffer NliB-4) supplied by New 
England Biolabs, Inc., and by incubating at 37° G. for 6 h. 
The completion of Ncol digestion was checked by loading 
5 ul of the reaction mixture on a 0.7% agarose gel. After 
confirming the digestion, the Ncol site was fillcd-in (i.e. 
made blunt ended) using T4 DNA polymerase in the pres- 
ence of all four dNTPs in a 85-ul reaction as follows. 
Seventy five ul of above-mentioned Nco I digestion mixture 
was supplemented with 4 ul DTI* (100 mM stock), 4 ul 
cINTP's from a dN IP stock (2 mM), and 2000 Weiss units 
of T4 DNA polymerase. 'Ine reaction was incubated at 37° 
G. for 1 h after which it was stopped by adding liDTA (10 
mM final cone.) and heating at 75° G. for 10 min. The DNA 
was then cthanol -precipitated. 'Die precipitated DNA was 
dissolved in 40 ulTli and was digested with All II restriction 
enzyme in a 60-ul reaction at appropriate reaction conditions 
as recommended by the supplier. Separately, 40 ul of the 
PGR-ampiificd DNA reaction, prepared using pSKMG-400 
vector as substrate to supplement the deleted portion of the 
SK gene, was also digested with Afl II restriction enzyme, 
followed by running on low melting agarose gel (1%) to 
separate the vector and insert DNA pieces [the insert con- 
tained a blunt end, and an All ll-site compatible cohesive 
terminus at the other end, thus making it suitable for facile 
ligation with the vector, which had been similarly treated 
with Nco I, followed by a fill-in reaction with T4 DNA 
polymerase to obtain a blunt end, followed by a digestion 
with All II]. The required pieces of DNA were isolated from 
the electrophoresis gets as small agar blocks after visual- 
ization under trans-illuminated UV radiation, and were 
purified from the agarose by bcta-agarasc enzyme. One unit 
of beta -agar ase per 100 ul of agarose gel approximately in 
the I xbeia-agarosc bulTer (New lingland Hiolabs Inc.) was 
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employed to digest the agarose and to purify the DNA 
according to the protocol recommended by the supplier 
(New England Biolabs Iuc, USA). ITie purified ON As were 
quantitated and vector and insert were ligated m a 1:5 molar 
ratio in a 20 ul reaction, carried out at 1.6° C. for approx. 18 
h. For the ligation reaction, 2 ul of lOxligase buffer, 1 ul of 
10 mM rAH 5 stock, and 2000 Weiss units of T4 ONA tigasc 
were use. 'Pbe ONA the ligation mixture was precipitated 
with n-butanol, and used directly to transform electrocom- 
petent E. coli XI. -Blue cells. I*he transformation mixture 
was plated on I.B-Amp plates. 'Ilic positive clones (repaired 
pUT23(d)-SK) were screened from the wild-type back- 
ground on the basis of Nco I digestion (the insertion of the 
PCR amplified segment in the vector would result in the loss 
of the Nco I site). Two of the clones (plTPSK-NTRN, for 
4 N -terminally repaired, native*) obtained after this screening 
were further confirmed using Sanger's method of nucleotide 
sequencing, which showed complete fidelity with the known 
fill -length native sequence of the S. equisimilis SK-encoding 
ONA (Cf. FTC 11) except the presence of an extra ATG 
codon at the 5-end of the ORF, and no mutation/alteration 
at the upstream promoter regions or downstcam sequences 
in the pi asm id could be observed ONA from these confirmed 
clones were then transformed into E. coli HI-21. strain, and 
expression of intracellular SK in liquid culture was exam- 
ined after induction wit IFI'G according to the protocol 
described earlier, essentially by analyses of cell-lysatcs on 
SOS-PAGli. However, no band corresponding to standard 
SK was visible on SOS-PAGU. The possibility of the pres- 
ence- of low lcvclsof SK- was then checked by Western - 
Blotting analysis of the lysates as it is a more sensitive 
method when compared to a direct examination of the 
SOS-PAGli gels by Coomasie staining. In this case, indeed, 
a faint band corresponding to the position of standard SK on 
the Western blots could be clearly discerned, which showed 
that the levels of expression of the native SK gene was poor. 
[0134] The possibility that the sequences in the native 
SK-encoding ONA polynucleotide block corresponding to 
the N-lermioal residues could be forming strong secondary 
structurc/s in the encoded mRNA transcripts that might be 
hindering the expression was exa mined through computer- 
assisted analysis using the program DNASIS (version 5.0). 
'ITi is unambiguously demonstrated that the potential for 
forming highly stable secondary structure by the N-terminal 
end of the SK gene was appreciably Strong (free energy 
approximately -10 Kcal/mol; see KKr. 12A). Translation- 
ally silent mutagenesis of the. gene at its 5' end was then 
carried out to disrupt ami/or reduce this secondary structure 
by replacement of GC rich codoas (that are more likely to 
promote secondary structure -formation in the mRNA tran- 
script) with Al -rich codons, wherever possible. ITirough this 
procedure several sequence/s, altered specifically at the 5* 
end and possessing lowered stability (-6 to -5 Kcal/mol) as 
compared to that of the native sequence, were obtained. One 
of these sequences, that resulted in maximal al destabilisa- 
lion of structure-forming potential, to approx -5 Kcal/molc 
(FIG. 1211), was chosen for the expression studies. 

[01 35] *llie preparation of an expression vector containing 
a full-length, SK-encoding polynucleotide segmeut but one 
with a modified (i.e. non-native.) ONA sequence at its5'-end 
with less structure-forming potential was carried out as 
shown schematically in FIG. 13 using a combination of 
synthetic ONA cassette incorporation and PCR-bascd strat- 
egy. 'Oic alternate sequeucc to be incorporated at 5-end of 



the SK gene was provided through two homologous syn- 
thetic oligonucleotides (SC-I and SC-1I, complementary to 
each other except for overhangs at the end), whose sequence 
is shown below. Also indicated in bold type arc the altered 
nucleotides which resulted in a lowering of structure form- 
ing potential in the 5*-end of the SK gene. 

sc-i 

5 * - C ATG ATA GCT GGT CCT GAA TGG CTA CTA GAT CGT 
CCT TCT GTA AAT AAC AGC C-3 ' 
(Partial Ncol site) 

SC-I I 

5 ' - AA TTG GCT GTT ATT TAC AGA AGG ACG ATC TAG TAG 
CCA TTC AGG ACC AGC TAT— 3 ' 
(Partial Mfe I site) 

[0136] ITiesc carried two new restriction sites (Ncol and 
Mfel), introduced by silent mutagenesis using the computer 
program GMAP (Cf. Raghava and Sahni,. 1994., BioTech- 
niques 16: 1116-1123) without altering the amino acid 
sequence encoded by this segment of ONA so as to facilitate 
the cloning of the repaired SK-encoding ONA into the 
expression vector, pFT23(d)-SK (see FIG. 13 for the overall 
cloning scheme for reconstruction of the N-terminal region 
of .V. equisimilis SK-encoding ONA). The alterations were 
carried out in two stages, as depicted schematically in FIG. 
14. In Stage I, a translation ally silent restriction site (Mfe I) 
was engineered close to the N- terminal end of the SK gene 
(oveHappin^ codon nujmbeTS 17 and 18 in the native SK 
sequence; sec FIG. 3) since no unique site close to the 
N-terminal end was available for incorporating a synthetic 
ONA piece for purposes of altering this region in the 
plasmid. An upstream PCR prier (termed 'Mfe 1 primer*) 
incorporating this potential Mfe I site (underlined in the 
sequence of the primer) was synthesized with the following 
sequence 

[0137] Mfe I primer: 5 -C-AGC -CAA-TI G -GTP-G IT- 

ACic:-GTr-Gcr-3' 

[0138] A synthetic oligonucleotide containing an Afl II 
site (termed RG-6, which has been described before) was 
used as the downstream primer. 

[0139] 'ITjesc two primers were utilized for the amplifica- 
tion of the SK sequences encoding the N-terminal region 
using pfu ONA polymerase. 'I*hc following reaction condi- 
tions and cycling parameters were used. Pfu polymerase 
buffer (Stratgene Inc.), 200 uM eaeb of the dN'IT's, Mfel 
and RG-6 primers: 20 pr.no! each, pli l , 23(d)-SK vector as 
template (2 ng), Pfu polymerase L ul (2.5 units), total 
reaction volume 100 ul. A 'hot start 1 was given for 5 min al 
95° C, followed by dehaturation for I min at 95° C, 
auuealing for 1 min at 45° C, and extension for I rain at 72° 
C. A final extension al 72° C. for 10 min was also incorpo- 
rated in the program. As expected from theoretical consid- 
erations, a 14 1 -bp long SK region was amplified, llie PCR 
product was phenol -chloroform purified and precipitated 
using isopropanol after adjusting the salt concentration to 
0.3 M with 3 M NaOAO. The precipitated product was 
dissolved in 25 ul sterile dist. water and kinased in a 30-ul 
reaction, after adding 3 ul Multicore hufler (Promega Inc., 
Wis., USA), I ul (10 units) of T4 PNK (Promega) and I ul 
rATP (10 inM stock). 'I ne reaction mixture was incubated at 
37° C. for 2 h and then stopped by heat-in activating at 65° 
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C. for 20 min, and the ON A purified using phenol-chloro- 
form and precipitated with 2 volumes of isopropanol. The 
pBluescript II KS(-) vector was digested with EcoRV 
restriction enzyme and then dcphosphorylaled using C1AP 
using a standard protocol. Bolh the kinased PCR product and 
dephorphorylatcd pBluescript II vector were quantitated by 
A^o measurements in a 1 ()0-u I . cuvette, and the vector and 
insert DNAs were ligatcd in 1 : 10 molar ratio of vector riasert 
by taking 590 ng vector and 280 ng insert in a 20 ul reaction 
after adding appropriate amount of ligase enzyme (approx. 
500 Weiss units) and ligase buffer containing rAlP. The 
ligation reaction was incubated at 16* C. overnight. The 
ligation mixture was heat inactivated (65° C, 30 min), the 
DNA was bulanol-precipitated, and approx. one-fifth elcc- 
troporated into E. coli XL-Blue electrocompetcnt cells. The 
transformants were screened by plating Ihem on LB-Amp 
plates. Ten transformants were picked up and inoculated for 
mini preparation of plasmid DNA. The mini preps were then 
digested with Mfel and Ailll enzymes sequentially to iden- 
tify the positive clones containing the 14.1 bp insert. 
Unmodified pBluescript was kept as control. All the trans- 
formants were found to be positive by this criterion. This 
construct was labelled as p(Mfel-AHII)-SK. 

[0140] Stagc-II: The oligos SC I and SC-II in cquimolar 
amounts (approx. 270 ng each) in 25 uL were annealed by 
cooling their mixture from 80° C. to room temperature 
slowly. Approximately 5 ug of pLTf 23(d)SK and 10 ug 
p(MfcI-AflII)-SK vectors were digested with Ail Nco I and 
MfcI/AAII, respectively, for vector and insert preparations. 
TWcrny~iSw~units"cacbT of Mfel *and AflirwcFc used for 
vector preparation and 50 units were used for insert prepa- 
ration. The enzymes were added in two shots of 12.5 units 
and 25 units in each of the reactions. 'Ilie pIil"23(d)-SK 
vector was digested in a 60 ul reaction, and p(MfeI-AilII)SK 
was digested in a 100-ul reaction. The pET23(d)-SK diges- 
tion mixture was run on a 1% low melting agarose gel for 
vector preparation and the p(MfcI-AfllI) SK digestion mix- 
lure was run on a 2% agarose gel for Isolating the 115 bp 
insert. Both the vectors and insert bands were cut out from 
the agarose gel and were purified using beta-agarase and 
quantitated. Then, a mixture of Nco I and Ail II digested 
pE'l*23(d)-SK vector, annealed SOI and SC-FI oligos, and 
Mfe I-Afl II iusert of p(Mcf l-Ail Il)-SK vector were ligatcd 
in a 3-picce ligation reaction in a 1:7:5 molar ratio in a 20 
ul reaction (see FIG. 13). In the actual reaction, approx. 660 
ng of the vector, 92 ng of the insert and 60 ng of the annealed 
oligos were taken. I*hc mixture was ligatcd by adding 2000 
Weiss units of ligase into the reaction. 'ITie reaction was 
incubated at 16° C. overnight. The ligation mixture was 
n-butanol-precipitated, dried, rcdissolved in 10 uL T12 and 
approx. one-third used to transform E. coli XL-1 Blue 
electrocompetcnt cells. The transformants were screened on 
LB-Amp plates. Ten transformants were picked and inocu- 
lated tor preparation of minipreps. All the mini preps along- 
wilh pl"l*23(d)-SK as control were digested with Nco I 
enzyme to search for the positive clones. Only one clone, as 
well as pliT23(d)-SK, gave digestion with Nco I which 
indicated that the remaining 9 clones were positive for the 
desired construct One of the clones was then completely 
sequenced by automated DNA sequencing using Sanger's 
dideoxy method, which showed that the N-terminal region 
was now full- length i.e. enc<Kled the native SK sequence 
plus a N-tcrminal methionine, containing exactly the 
sequence expected on the basis .of the designed primers, 



SC-1 and SC-II with the altered codons at the 5 f end 
compatible with potential for secondary structure reduction 
in the mRNA transcripts(sce FIG. 14). In addition, the DNA 
sequencing established that no other mutation was inadvert- 
ently introduced in the SK ORI ; in during the reconstruction 
protocol. This plasmid vector-construct, termed as pE'I^23(d) 
SK-NTR (N-tcrminally reconstructed) has been deposited in 
the Microbial Type Culture Collection, Chandigarh, India 
(MTCC) with the accession No. BPL 00 J 7. The plasmid 
ONA from this clone was then transformed into E. coli 
BL-2 1 DE3 strain for expression studies. The E. coli JH ,-21 
cells were grown in liquid culture and induced with 2 mM 
IPTG at an OD^of ~0.6 for the induction of SK, as detailed 
earlier. The cells were then pelleted by centrifugation and 
lysed in SDS-PAGE sample buffer and analysed clcctro- 
phoretically by SDS-PAGli an 10% acrylamide gel. It was 
observed that the level of SK (47 kD band) was approx. 
25-30 percent of the -total soluble proteins, a substantia] 
increase compared to the very low expression observed in 
the case of the construct with the native N-terminus (pET 
23(d)-SK-NTRN). 

Example 2 

Harvesting of In trace Uularly Expressed SK from E, 
coli, Purification of SK Protein, and 
Characterisation of Highly Pure and Biologically 
Active SK. 

[0141] Glycerol stocks of E. coli BL-21 strain harbouring 
plasmid pET23(d)SK-hrra; maintained "at -70° C, were" 
used to prepare a seed culture by inoculating freshly thawed 
glycerol stock (approx. 100 uL) into 100 ml of LB medium 
(in 500 ml conical flask), containing 50 ug/ml of ampicillin. 
The flask was incubated at 37° C. with shaking on a rotary 
shaker at 200 r.p.m for 16 h. This culture was used to seed 
four 2 L Erlcnmeycr Masks each containing 500 ml of the 
same medium (LB- Amp) using 5% (v/v) of inoculum. 'I lie 
flasks were incubated at 37° C. with shaking (200 r.p.m.) for 
a duration till the absorbance at 600 nm had reached 0.5 -0.6 
(~2 h after inoculation). At this time, IPTG was added to the 
cultures to a final cone, of 2 mM and incubation, as before, 
continued for a further 3 h. The cultures were then chilled on 
ice and processed for the next step immediately. 'ITie cells 
from the culture media were harvested by spinning them 
down by centrifugation at 6000xg in a GS-3 rotor (Servall) 
for 30 min at 4° C. 'Ilie supernatanLs were discarded and the 
combine cell-pellets carefully resuspended by vortexing in 
65 ml of lysis buffer containing a chaotropic agent for 
effecting release of the cellular contents. 1 ne composition of 
the cell lysis buffer was as follows (final concentrations are 
given): 6 M guanidinc hydrochloride and 20 mM sodium 
phosphate buffer, pll 7.2. 

[0142] l*he E. coli cell suspension was shaken gently on a 
rotary shaker at 4° C. for 1 h to effect complete cell lysis. 
The lysale was then subjected to centrifugation at 4° C. for 
15 min at 9000 r.p.m. The clear supernatant (containing 
approx. 300 mg total protein as determined by Bradford 
method) was then processed further, as follows (all subse- 
quent steps were conducted at 4° C, and all buffers and other 
solutions used were also maintained at 4° C). 'I ne super- 
natant was diluted 6-fold in which the cone, of Gdn.IICI was 
1 M; simultaneously, aliquots of a stock solution (0.5 M) of 
sodium phosphate buffer, pi I 7.2, and NaCI (slock cone. 5 
M) were added to obtain 20 mM and 0.5 M with respect to 
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sod ium phosphate and NaO, respectively, in the diluted cell 
lysate supernatant (final volume 200 ml). The mixture was 
gently swirled for a few minutes, and then loaded onto a 1 00 
ml bed volume (4 cm internal diameter) axial glass column 
for hydrophobic interaction chromatography (I HQ on phe- 
nyl-agarosc-6 XL (Affinity Chromatography Ltd., Isle of 
Man, U.K.) coupled with an automated liquid chromatog- 
raphy work-station (model Biocad Sprint, Perseptive Bio- 
systems, MA, USA) capable of continuous monitoring of 
effluents at two wavelengths simultaneously, and formation 
of predefined gradients for elution. The column was pre- 
equilibrated with 0.5 M NaCI in 20 mM sodium phosphate 
buffer, pi I 7.2 (running buffer) onto which the bacterial cell 
lysate was loaded al a (low rate of 85 ml/h. The flow-through 
was collected, and the column washed with running buffer 
(400 ml total) at the same flow rate, followed by the same 
volume of running buffer devoid of NaCI (washing steps). 
The SK was then elutcd with dist. water (pi I 7.0) at a slower 
flow rate (35 ml/h). All the effiuents were collected in 
fractions (25 ml each) and the SK activity as well as protein 
content in each fraction was determined. Virtually all of Ihe 
loaded SK activity was found to bind to the column, less 
than 5% of that total activity being found in the flow-through 
and washing. Approximately 85-90% of thc-loadcd SK 
activity was recovered at the dist. water elution step. SOS- 
PAGli analysis showed the presence of a predominant band 
of 47 kO migrating alongwith native SK (purified from S, 
equisimilis 1 146 A) run as standard. 'ITic SOS- PAGE as well 
as the activity analysis showed the SK to be 85-90% pure at 
this stage when compared to the unpurificd cell lysate. The 
SK in the dist. water clutc was then made. 20 mM in sodium 
~p hospha tc~ pH 7 2 (running bliffel)Tna"16^dcd"at"a flow rate" 
of approximately 300 ml/h onto OEALi-Sepharasc Fast Flow 
(Pharmacia, Uppsala, Sweden) packed in a .1.6x20 cm axial 
glass column pre-cquilibrated with the running buffer. The 
column was then washed with 200 ml of the same buffer, 
following which it was developed with a NaCI gradient 
(0-0.6 M). in running buffer (pi I 7.2). All eluates from the 
column were saved with an automated fraction collector. 
Ten -ml fractions were collected, and SK activity as well as 
protein was estimated in each. Aliquots from each faction 
were also analysed by SOS-PAGE to examined the relative 
purity of the e luted protein. The flow-through and washings 
were essentially devoid of SK activity, but approximately 
80-85% of the loaded SK activity elutcd at around 0.35 M 
NaCI in the gradient as a single symmetrical peak (contain- 
ing a total of 42 mg protein). The specific activity of this 
protein was l.lxKr I.U./mg. On SOS-PACE, it showed a 
single band co-migrating with standard natural S. equisimilis 
SK. A densitometric analysis of the SOS-PAGE gels 
revealed that the background protein/s in the final purified 
SK represented less than 2% of the total Coommassie 
stainablc content. The overall SK recovery with the purifi- 
cation process was found to be approx 65 percent. 



[0143] The purified recombinant SK expressed in E. coli 
was characterized physico -chemically by several other cri- 
teria in order to compare it with natural SK. By the clot lysis 
procedure, it showed a specific activity of 105,000 lU/mg, 
under conditions where natural SK from S. equisimilis strain 
II46A was found to have a specific activity of 310,000 
lU/mg protein. Upon reverse phase high performance liquid 
chromatography (RP-IIPLC) on C-18 columns, both SK 
types were indistinguishable, showing the presence of a 
single symmetrical peak at the same position when elutcd 
with a gradient of gradually increasing ACN concentration. 
By UV spectroscopy, the recombinant SK was found to be 
identical to the natural SK. The N-tcrminal amino acid 
sequence of rSK was found to be identical with that of 
natural SK, except for the presence of an extra methionine 
residue at the N-termimis (the sequencing was carried out 
for 25 cycles). 

Example 3 

[0144] Construction of a hybrid ONA polynucleotide 
between SK-cncoding ONA and fibrin being domains 4 and 
5 encoding ONA of human fibronectin, its expression in E. 
coli, oxidative refolding, and purification of biologically 
active chimeric protein. 

[0145] 'Hie scheme followed for the construction and 
expression of a chimeric (hybrid) polynucleotide ONA block 
formed between the ONA encoding for residues 1 to 383 of 
SK followed by in-frame joining to the ONA coding for the 
FBO~~4 and~5~of human fibroDectiiTis~shown uFFKTTTfi. A 
short linker ONA segments coding for 3 glycine residues, in 
tandem, between the two polynucleotide segments was 
incorporated into the design (termed 'intergenic sequence') 
(see FIG. 15) so as to provide flexibility to the expressed 
chimeric polypeptide product. In addition, a new terminator 
codon was introduced at the end of the EBO(4,5) ONA so 
that the hybrid ORE encoded for a polypeptide ending after 
the two FBOs. 'JTius, the design essentially had the following 
configuration: SK[ residues 1 -383]-(gly-gly-gly)-[lTiS(4^)]. 
In addition, a tranglutaminase recognition site was also 
engineered in the gene -design directly after the intcrgenic 
sequence so that the expressed, hybrid protein could become 
covalcntly cross-linked to the fibrin strands of the clot(FTG. 

15) . A two-stage PCR -based experimental strategy (FIG. 

16) was employed to construct the hybrid polynucleotide. A 
polynucleotide-!) lock containing the sequence coding for 
domains 4 and 5 was first selectively amplified using the 
plasmid pMIMG-60 as template. The latter contained the 
ONA encoding for all five human FBOs (FIG. 16). This 
amplification reaction (PCR-I) was carried out with specifi- 
cally designed forward and reverse primers with the follow- 
ing sequences. 



Forward primer (MY 13): 

5*-CCG GAA TTC GCC CAA CAG ATT GTA CCC ATA GCT GAG AAG TGT TTT GA-3 ' 

Eco Rl TransglutaMINASE- hybridizes to upstream FBD(4,5) sequences 

recognition sequence 

Reverse primer (MY 14 ) : 

5 ' —GGC CTT AAG ACC GCT CTA ACG AAC ATC GGT GAA GGG GCG TCT A- 3 ' 
'clamp' Afl II Eco 47 III stop hybridizes to downstream FBD(4,5) sequences 
codon 
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[0146] Note: — In I he alxwc priaier sequences, the 5'-non- 
hybridising sequences (hold) as well as the hybridizing ones, 
towards the 3'-ends of the primers that arc complementary to 
selected segments of fibrouectin l ; BO(4,5)-cncoding, ON A 
sequences are shown. In the 5 , -non-hybridizing ends were 
also incorporated new R. I*, sites by * silent' mutagenesis, a 
tranglutarnin2Lse(TG)~encoding site and/or stop codon 
sequences, as indicated above (underlined). The start of the 
hybridizing sequences in primer MY-1.3 correspond to the 
beginning of the sense strand sequence of FBO(4,5), namely 
residue T50,onwards (refer to FIG. 6 for the amino acid and 
ONA sequences of the fibrin binding domains of human 
fibroncctin). In case of primer MY-14, the beginning of the 
hybridizing sequence (antisense) correspond exactly to the 
codon for residue 259 of human fibronectin (Cf. FIC 6). 
The 'clamp' mentioned in the figure refers to the extra 
nucleotides added at the 5' end of a primer to facilitate the 
digestion at the nearby R.H. site which, otherwise, is poorly 
digested when present at or near the end of a ONA fragment 
generated by PCR. 

[0147] As described above, the forward primer contained 
a segment at its 3' end that was homologous with the 5* end 
of the ONA encoding for the l ; BO(4,5) sequences, and also 
contained a 5' (nonhybridizing) segment that encoded for a 
TCI -recognition site as well as RE sites to facilitate the 
cloning of the PCR product in a plasm id vector. This 
plasmid, containing the FBO(4,5) gene-block and additional 
5' sequences was then employed as template for a second 
PCR (PCR-II) using a set of primers (RG-3 and MY-14). 
Primer RG-3 was~dcsigued so as to~contain the~6th"cT desired* 
elements of the intergenic segment viz., the codons for the 
gly-gly-gly residues, as well as those encoding for a small 
segment of SK (see FIG. 15 and 16) directly after a unique 
R.E. site 0*sm I) present naturally in the G-terminal region 
of the uativc SK ORF (approximately overlapping the 
codons 377 and 378 of the S. equisimilis SK open-reading- 
framc; Cf. FIGS. 3 and 4). This site was chosen as the. 
common, junction-point between the two polynucleotide 
blocks (i.e. SK and FBD) to be integrated. Additionally, 
unique restriction sites flanking the intergenic (i.e. in and 
around the -gly-gly-gly-) sequences were also designed into 
the upstream primer through translationally silent mutagen- 
esis that could be exploited to substitute alternate oligo- 
nucleotide cassettes at the intergenic region of the hybrid 
polynucleotide that would provide altered flexibility and/or 
rigidity characteristics in the expressed polypeptide different 
from that provided by the (gly)3 linker (Cf. FIG. 15). 

[014K] 'llie sequence of primer RG-3 is given below 
highlight features incorporated in its design (bold letters 
denote non-hybridizing segments towards the 5'-cnd of the 
primer to distinguish these from the sequence complemen- 
tary with respect to template DNA). 



facilitate blunt-end cloning at the filled-in Ham III site 
present after the SK open -reading- frame (ORI 7 ) in the plas- 
mid vector (FIG. 16). 

[0150] 'I"hc follow reaction conditions and PCR param- 
eters were used. PCR-I (final reaction conditions in a 100-uL 
reaction); 20 pmol of each of the MY-13 and MY-14 
primers, pFHMG-60 vector as template (1 ng), 200 uM each 
of the dNTP's, Pfu polymerase 1 ul (2.5 units). Pfu poly- 
merase was added at 94° C. i.e. a hot start for 5 min was 
given to avoid non-specific amplification. 'Hie following 
cycling conditions were employed: denatu ration at 92° C. 
for 45 seconds, followed by annealing at 60° C. for 1 min, 
and extension at 72° C. for 1 min. A total number of 30 
cycles were given, followed by a final extension for 10 min 
at 72° C. l*hc reaction yielded a single 360 bp PCR product 
as seen on a 2% agarose gel alongwith standard PCR 
markers, The amplified product was then cloned into pBlue- 
script II KS" at the licoRI site (refer to FIG. 16) which bad 
been introduced in the PCR product as a 5*-overhaug. The 
PCR reaction mixture was purified using standard methods, 
and then kinascd with T4 PNK enzyme. The kinascd PCR 
product was ligated to concatamarize the PCR product in 
order to internalize the ticoRI site to facilitate cloning of the 
ONA using the procedure of Jung ct al. (Jung, V., Pestka, S. 
B., and Pestka S., 1990, NucL Acids Res. 18:6156). lne 
ligated ONA mixture was then digested with EcoRl fol- 
lowed by electrophoresis on a 2% agarose gel to check the 
efficiency of the ligation and digestion steps. The band 
. representing EcoRlrdigested PCR product wasxut outfrom„ 
the gel and purified. Approximately 400 ng of the PCR 
product was ligated with 1 ug of pBluescriptll (KS~) prc- 
digested with EcoRI and the dephosporylated. Approxi- 
mately 2 ul of the ligation mixture was directly used to 
transform E coli OH 5 -alpha electrocoropetent cells. The 
transformanLs were selected on I.B-Amp plates containing 
IPTG and X-gal using blue and white colony selection. Ten 
white transformants were picked and taken up for mini- 
preparation of plasmid. The plasmid ON As were digested 
with EcoRl enzyme, and the digests analysed on 1.5% 
agarose gels. The transformants releasing 360-bp insert (the 
size of the PCR product) were taken as positive clones. Nine 
of the ten clones were found to be positive by this criterion. 
One of the above clones was then confirmed for the absence 
of any unexpected mutations by automated ONA sequencing 
by Sanger's procedure, and used as template for PCR-II 
employing RG-3 and MY-14 as primers so as to add addi- 
tional sequences at the 5' end of amplified l ; BO sequences in 
the cloned PCR-I product. The PCR-I had resulted in the 
addition of a TO recognition size and a stop codon onto die 
original KBO(4,5) gene-block, whereas the stage-Il PCR 
was carried out to elfect the addition of the poly-glycine 
linker and overlapping SK sequences onto the b1il>(4^S) 



5 ' — G AAT GCT ACC TAC CAT TTA GCT GGT GCT CGC CAG GCG CAA CAG ATT GTA CCC- 3 * 

Bsm I Bst X Xcm I Bal I segment hybridlizing with the 

(hybridizes to SK gene at 5* -end of DNA block from PCR-1 

codons 376—38 3) < -gly-gly-gly- ) at 



the TG recognition site 



[0149] 'Oie amplified ONA obtained from PCR-II using 
primers RG-3 and MY-14 was treated with Bsm I to "dock"' 
it at the Bsrn I site io the SK ORI ; in vector pSKMG400 at 
one end, and with lico 47 Ml (which produces blunt-ends) to 



gene -block. 'ITic following reaction conditions and cycling 
parameters were used for carrying out PCR-II. Uacb of the 
dNTP\s: 200 uM, PCR-I product cloned in pBlucscript II 
(KS") as template (linearized) 260 ng, RG-3 and MY-14 as 
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forward and reverse primers (100 pmol each), 5% OMSO 
(v/v), I ul Taq DNA polymerase (2.5 units) in a total 
reaction-volume of 100 ul. Cycling parameters were similar 
to that of PCR-I except that the annealing temperature was 
lowered to 58° C. An aliquot (approx. one -tenth) of the 
PCR-I I was run on a 1.5% agarose gel to check for ampli- 
fication. As the Taq polymerase docs not produce blunt 
ended PCR products (unlike pfu polymerase) but ones with 
a single-base overhangs (reference), the PCR product was 
first fillcd-in, and then kinased. These two modifications 
carried out in a single reaction at 22° C. for 30 min using 10 
units each of the T4 DNA polymerase and T4 PNK (total 
volume 85 ul). In addition, 8 nmol dNTP's as well as 1 mmol 
rAIT were added to the reaction (all indicated conconcen- 
trations arc final). Irje reaction was stopped by adding 
EI)' FA to 10 mM followed by heating tube at 70° C. for 10 
min. The filled and kinased PCR product was subjected to a 
phenol-chloroform treatment and precipitated with two vol- 
umes of cthanol in the presence of 0.3 M sodium acetate. 
The pellet was rcdLssolved in 20 ul of dist. water. Approx. 15 
ul of this DNA was ligated in order to concatemarize the 
PCR product. For doing the ligation, Ix Universal Buffer 
(supplied by Stralagene Inc.), 1 ul (of a 10 mM rAPP stock) 
and 400 wciss units of T4 ON A ligase were added to a 2.5 
ul reaction. 'Die reaction was incubated at 16° C. overnight. 
The ligase was heat-inactivated at 65° C. for 10 min. The 
concatamcrizcd PCR product was then first digested with 
Eco47 HI (approx. 20 units) in a 25 ul reaction at 37° C. for 
6 h and then the DNA was digested with RsmI enzyme at 65° 
C. for 6 b after adding-~20 units of Jismlcnzyme in-thc same 
reaction. In parallel, the vector pSKMG400 (approx. 4 ug), 
containing the SK gene, was digested with Ha rail I enzyme 
according to standard protocol and the digested DNA was 
filled -in using T4 DNA polymerase in the presence of 1 00 
uM dNTP's and 0.5 mM DTE 'Die reaction was incubated 
at 37° C. for 1 h. The reaction was stopped by heating tube 
at 75° C. for 10 min. r rhen the Bamlll filled vector was 
digested with BsmI enzyme by incubating at 65° C. for 6 h. 
The vector was purified by a phenol-chloroform treatment 
followed by a chloroform-isoamyl extraction, followed by 
cthanol precipitation of the DNA. Then the lico47HI and 
BsmI doublenJigested PCR product and liaml II-digested aid 
fil led -in plus Bsml-digcsted pSKMG-400 vector were 
ligated (refer to FIG. 16) in a 20-ul reaction by incubating 
at 16° C. for 14 h, after which the ligase was inactivated by 
heat at 70° C. for 10 min and then the DNA was precipitated 
with n-butanol. It was then used to transform E. coli XI.- 
Blue electrocompetent cells. 'Die transformed colonies were 
then selected on EB-Amp plates. Ten transformants were 
picked and screened for the presence of the diagnostic lest, 
namely the release of a 372-bp fragment after digestion with 
Notl and BarnI enzymes, in contrast to a 295-bp fragment 
from the control plasmid, pSKMG400 since the positive 
clones contained the additional 11*1X4,5) segment. Eight 
clones from the ten selected turned out to be positive by this 
criterion. 'I"he positive clones were designated as 
pSKMG400-E BD(4J5). One of these was subjected to DNA 
sequencing which confirmed the presence of the expected 
sequence at the 5 T -cnd, and a complete absence of any other 
mutation jiu the rest of the gene-block. 

[0151] Eor the expression of the SK-I*BD(4,5) hybrid 
polynucleotide DNA intracellularly in E coli, the scheme 
shown in KIG. Ma was followed. 'Die BsmI -Notl DNA 
piece from pSKMG400-EBD4-5 [lx;ginning from that 



encoding for the C-terminal portion of the SK gene and 
carrying the intergenic linker region, the EBD(4,5) seg- 
ments, and ending after the stop codon for this ORE at the 
Not I site originating from the multiple cloning site (MCS) 
of the parent vector] was transferred into plasmid 
pE'173(d)SK-NTR digested with the same restriction 
enzymes. The digested vector and the DNA segment from 
pSKMG400EBD(4,5) (insert) were isolated from 1% agar- 
ose gels after beta-agarasc digestion, as described earlier, 
I*be vector and insert DNA then ligated by standard proce- 
dures using a vector; insert molar ratio of 1 :5 (approximately 
590 ng of the Rsml/Noll double -digested vector and 250 ng 
of the Bsml/NotI double-digested insert in a 20-ul reaction). 
DNA from the Ligation reaction was butanol precipitated and 
directly used to transform E. coli XE-1 lHue electrocompe- 
tent cells. Transformants were selected on EB-Amp plates. 
Ten transformants were picked up and taken up for plasmid 
minipreparation. The miniprep DNAs were digested with 
HsmI and Notl enzymes, alongwith pSKMG400-EBD(4,5) 
as control. 'Itiree clones gave Bsml/NotI insert equal in size 
to that of the insert liberated from pSKMC400-EBD(4,5). 
One of the clone, designated pET23(d)SK-NrR-l BD(4,5) 
and deposited with MTCC with accession No. BPT ., 001 4, 
was then fully sequenced by automated DNA sequencing in 
and around the SK insert (sec FIG. \lb for the gene 
sequence). All the 3 positive clones were transformed into 
coli BI -21 stain and were induced for the expression of 
SK-EBD(4,5) hybrid protein using the standard protocol 
described before. 'Die E. coli BE-21 cells harboring the 
-plasmid pET-SK-EBD(4^5) were induced with 2-roM-IPTG- 
at ~0.60D^ o and were further incubated for 3 h at 37° C. In 
parallel, cultures were also grown where IPTG addition was 
omitted (uninduced controls). Cells from 1.5 ml of the 
cultures were pelleted down by ccntrifugation and were 
directly lyscd in 100 ul SDS-PAGE sample buffer. After 
high-speed ccntrifugation (8000 gx20 min) to pellet undis- 
solved components, approx. 25 ul of the supernatant of each 
of the samples (alongwith lysate from pET23(d) SK-N1'R, 
as positive control) was loaded onto 10% SDS-PAGE gel 
and subjected to elcctrophorctic analysis. The gels showed 
distinct bands of 57 kD in he IPTG-induced cultures 
(roughly representing 20-25% of the total Commassic- 
staincd protein bands in the gel), indicating that the hybrid 
SK-EB 15(4,5) fusion protein had been expressed at high 
levels. In the case of pE'm(d)SK-NIT, harboring cultures, 
a band corresponding to 47 kD, the position of native SK, 
was observed. In parallel, SDS-PAGE gels were subjected to 
the r)lasminogen r overlay procedure, which showed distinct 
zones of clearance by the 57 kD hybrid protein, however, 
these zones were produced with a distinctly slower rate in 
comparison to those produced by native SK or the rSK 
expressed in intracellularly from pE I*23(d)SK-NI R. 

[0152] Ten ml of EB-Amp media were inoculated with E. 
coli B321 cells harboring pET-SK-l*N (4,5) and incubated at 
37° C. for 12 h with shield (200 r.p.m.). I*his inoculum was 
used to seed 200 ml of EB-Amp medium, and incubated for 
2 h at 37° C. with shaking. At this time, the OD riO0 of the 
culture was approx. 0.600. I'be production of SK-EBD(4,5) 
protein in this culture was then induced by the addition IPTG 
to 2 mM, and incubation continued for another 3 h at 37° C. 
with shaking. 'I*he OD (>GO had reached 1.2 by this time. The 
cell were harvested by ccntrifugation (8000 gx20 miu) at 4° 
C, washed once with, ST butler, and rcsuspended in approx 
14 ml of the same buffer over ice. This cell suspension was 
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then subjected lo sonicaiion in the cold (20 sec pulses with 
20 sec. gaps; total time 15 min). 'I*bc lysate so obtained was 
then ceotrifuged ( 10000 gx30 m) at 4°0 C. Itie supernatant 
was carefully decanted into a separate flask. This solution 
contained approx. 6 mg/ml protein as estimated by Brad- 
ford's method using 1*SA as standard, and had a total of 
1 .5x1.0 l.U of SK activity as measured by the chromogenic 
peptide procedure (see description of methods, given 
above). The lysate was then split into two portions of ~6 ml 
each to efTect either air oxidation or glulathionc-mediated 
oxidation of the SK-l BD(4,5) polypeptide. For the air 
oxidation, the 6 ml lysate was diluted to a total of 40 ml of 
solution (reaction mixture A) which contained (final con- 
centrations): Tris-HCI (pH 7.5), 50 mM and NaCl, 150 mM. 
In reaction B (reoxidation using the reduced-oxidized glu- 
tathione buffer), the final volume was also 40 ml, but it also 
contained [besides NaCl (150 mM) and Tris-Cl (50 mM)], a 
mixture of GSSG and C3SII (1:10 molar ratio, with GSH at 
10 mM) and l*DTA (1 mM), Both reactions were subjected 
to gentle mixing at room temperature (24 plus/minus 2° C.) 
for 10 min and then passed through two separate glass 
columns each containing 6 ml human tibrin-Scpharose at a 
flow rate of 20 ml/h in a recycled mode i.e. the effluent was 
passaged back into the column with the use of a peristaltic 
pump. After 18 h of passage through the respective columns, 
the flow of the reaction mixtures was terminated. Each 
column was then washed with 50 ml of binding buffer (50 
mM Tris-HCI, pH 7.5, and 150 mM NaCl) followed by 50 
ml each of 2 M urea (in binding buffer), followed by 6 M 

urea in the same buffer (to effect tightly abound protein). All. 

washings were collected in 10 ml fraction with a fraction 
collector, and analyzed for protein by Bradford's method, as 
well as SK activity using chromogenic substrate and human 
plasminogen as substrates was also determined for each 
fraction. The total yield of protein in the 6 M urea washings 
was 280 ug in the case of reaction A (air oxidation), and 380 
ug in case of Reaction B (GSG-GSSH mediated refolding). 
'ITicsc two pools represented, respectively, the fibrin-binding 
SK-I ; BD(4,5) protein obtained after air oxidation or glu- 
tathionc-catalyzcd refolding of the intracellular protein 
expressed from the plasmidpE'l , 23(d)SK-FBD(4^). 'Die 
specific activity of both the fibrin-Scpharose binding protein 
fractions from Reaction A and B were found to be almost 
identical (2.5xl(r' lU/mg and 2.1x1.0* I.U./rog, respec- 
tively). The dilute protein fraction were concentrated 
approx. 10-fold with ccntrifugation in Sartorius centristart 
filters. 'I*he concentrated fractions were then analyzed by 
SDS-PAGIi, with and without reduction with beta-mcrcap- 
loethanol. On reducing SDS-PAGL (i.e. with beta-mcreap- 
tocthanol treatment of the samples), the rcox id ized-rc folded 
SK-(1 ; N4,5), irrespective of the method of rcoxidat ions, 
showed a single predominant band, but one with higher M W 
(—57 kD) as com pared to the native SK standard (47 kD) as 
expected on the basis of the chimeric design of the hybrid 
gene, lissentially the same patterns were obtained when the 
SDS-PACJli was conducted without beta- m e reap toe thanol, a 



treatment wherein any of the cystine disulfide (S — S) 
bridges would not be reduced to cystine — SI I groups. 'Ill is 
indicated that the refolded molecules contained essentially 
monomeric intra-molecular S — S bonds, and contained neg- 
ligible quantities of higher molecular weight (i.e. polymeric) 
products formed due to inter-molecular S — S bridge forma- 
tion between the SK (l**N4,5) molecules as a result of the 
rexodiation step. When analyzed by the lillman ITI'NB color 
reaction for thiol groups (llabeeb, A.RS.A., 1972., Method 
in Enzymol. 25:457., Academic Press, New York) these 
fractions showed the complete absence of any free — SH 
group, indicating that the oxidation of the original 8 cys- 
teines present in the reduced form of the chimeric polypep- 
tides, to S — S bridges, was complete as a result of the 
rcoxidat ion/re folding step. 

lixample 4 

Construction of a Hybrid DNA Polynucleotide 
Between DNA Encoding for SK and 1BD Pair 1 
and 2, and (Honing and Expression of the Chimeric 
Polypeptide in K. coli 

[0153] The construction of a hybrid between SK and 17BD 
pair 1 and 2-encoding polynucleotide DNA in the same 
translational frame involved a strategy closely similar to that 
utilized for hybrid construction between SK- and FBI) pair 
4 and 5 encoding polynucleotide ON As (FIG. 18). The 
essential 'units* used in both the constructs were similar i.e., 
ONA encoding residues 1 to 383 of SK, a short polynucle- 
otide sequence encoding for polyglycine linker between the 
two ~DNA~"~polynucleotidc blocks, and a~tranglutaininase~ 
(TG) recognition site for cross- 1 inking, removal of the stop 
codon of the SK gene and introduction of a new stop codon 
at the end of the FBD segments [cither FBD<4,5) or 1<1)D(1. 
2) etc], litis strategy also exploited the use of the Bsm I site 
of the SK gene as a common junction-point for the fusion 
between the SK and KBO(l,2) polynucleotide segments. 
However, the strategy differed from that employed for 
constructing SK-I ; BD(4,5) fusion in that the amplification of 
the FBD (1,2) domains was carried out in one stage, unlike 
that of SK-l ; BD(4,5) wherein two conscquctivc PCRs with 
differing ^-primers were utilized (Example 3). IliLs was 
because in case of the SK-FBD(1,2) construct, a very large 
primer was not required as a TG recognition site is naturally 
present in the FN gene just at the beginning of the FBD-1 
domain (Cf. FIG. 6), thereby obviating the need to engineer 
a TG site in the upstream primer. 

[01 54] The FBD pair (1,2) was amplified from the plasm id 
phTIMG-60 (containing all five of the FBD encoding 
sequences of human libronectin) with the following two 
primers whose sequences arc provided below. Also shown 
are the 5 '-ends containing no n -hybridizing sequences (in 
bold letters) and the incorporated RF sites therein to facili- 
tate cloning and/or docking into the SK gene; the areas 
hybridizing with the target DNA sequences in the templates 
are also underlined. 



Upstream primer, MY- 10 

SK sequence (codons 377—383; Cf.Fig. 3) 
5 ' -C-TAC- CCA-TCC G— AAT-CCT — AGC— TAT— CAT— T^A-GCG— GGT-GCT-GGT — CAGGCG-CflG— CAA— ATC-GTT— 3 ' 

Bam HI Bam I (gly-g.ly-gly- ) hybrdizes at the TG-racognin. 

site just before the FBD 
sequences 
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-continued 

Downstream primer, MY-6 

5 ' —GGC— CTT-AAC-AGC-GCT-CTA- TTA- GAT-GGT - ACA-GCT -T AT- TCT- 3 ' 
'clamp' Eco RI Eco 47 II Stop sequence hybridizing with FBD(1.2) 

site cod ens codons 99—104 (Cf. Fig. 6) 



[0155] r l*he following conditions were used for the PCR: 
Lach of tbc dNTP's: 200 uM; pFHMG-60 vector as tem- 
plate: 1 ng; MY- 10 and MY-6 primers: 20 pmol each; pfu 
polymerase: 2.5 units; 1 xpfu polymerase buffer (Strata gene 
Inc.), and a total reaction volume of 100 ul. A *hot start* was 
given for 5 min at 94° C. The following cycling parameters 
were used: den at u ration at 92° C. for 45 sec, annealing at 50° 
C. for 60 sec, and extension at 72° C. for another 60 sec. A 
total of 30 cycles were given, after which a final extension 
was provided at 72° C. for 10 min. The amplification of the 
SK-FBD (1,2) hybrid cassette was checked by loading 
one-tenth of the reaction mixture on a 2% agarose gel. 'Phis 
demonstrated that the expected DNA (369 bp) was satisfac- 
torily amplified in the absence of any background bands. 
'Die amplified PCR product was then cloned into pBluc- 
scriptll KS(-) after purification through Qiageu PCR-puri- 
fication column using the manufacturer's protocol. Approxi- 
mately 2 ug of pBlucscriptll KS(-) vector was digested with 
10 units of Sma I restriction enzyme in lxNUB-4 buffer in 
a 20-ul reaction by incubating the digestion mixture at 25° 
C. for 12 h. The enzyme was inactivated by heating at 55° 
C. for 5 min and the linearized plasm id DNA was purified 
after electrophoresis on a 1% agarose gel. Then, 150 ng of 
the Sma I -digested vector was ligatcd with approx. 120 ng of 
the purified insert DNA (PCR product) in a 25-ul reaction 
after adding 2.5 ul of 1 0x(stock) ligasc buffer (New lZngland 
Biolabs Inc., MA, USA), 1 ul of 10 mM rATP stock and 400 
wciss units of T4 DNA ligase. Ilic ligation, was done by 
incubating the reaction tube at 16° C. for 12 h. After the 
ligation, the ligase was inactivated by heating at 70° C. for 
10 min. The DNA in the ligation mixture was precipitated 
with n-butanol and then dissolved in 20 ul of dLst. water and 
approx. one-third used to transform K. coli XL-Blue elcc- 
trcompetent cells (Stratgcne Inc., USA) by clectroporation. 
Transibrmants were selected by plating on LB-Amp plates. 
Miniprep plasmid DNA was prepared from eight selected 
clones and analysed by agarose gel electrophoresis. 'Die 
plasmid DNAs of the transform ants were run along with 
pure pBluescript II KS(-) to identify positive clones with 
larger molecular weight (MW), signifying the presence of 
the PCR-generatcd insert DNA. Three transformants were 
found to be moving slower than the pBluescript DNA on 
1.2% agarose electrophoresis. To further confirm that these 
contained the DNA insert, their plasmid DNAs were 
digested with UcoRI and Ham 111 enzymes since licoRI and 
Bamlll were two of the sites that were introduced in the 
PCR product during amplification. 'Hi is showed that a 
370-bp fragment, corresponding to the size of the PCR 
product was liberated, clearly establishing that these clones 
contained the desired cassette. 'I nis was finally confirmed by 
automated DNA sequencing by the Sanger di-deoxy chain- 
termination method which showed a complete correspon- 
dence with the sequence expected on the basis of the primers 
and Ihe target DNA viz., I T BD(1,2) along with a short stretch 
at its .V-cud carrying SK-specific and inlergenic sequences. 
'Die sequencing atso established the absence of any other 
mutation in the amplified DNA. The cassette sul>cloned in 



pBlucscriptll KS(-) was then transferred into the SK-con- 
laining vector, pSKMG400, in order to fuse it in-frame with 
the SK ORF utilising the common Bsm I site. For cloning 
the SK-FBD(l-2) hybrid cassette into pSKMG400 vector, 
both vector and insert DNAs were first digested with 
Kami II. Roughly 2 ug of the pBluescript-FBD(l,2) and 4 ug 
of the pSKMG400 were digested with 8 units each of the 
Bam HI enzyme in a 30 ul reaction utilizing buffer D of 
Promega. 1 lie tubes were incubated at 37° C. for 6 h. A small 
aliquot was run on a 0.7% agarose gel to check for the 
digestion. After confirming completion of digestion, the 
reaction was stopped by adding 0.1 volume of 100 raM 
liDTA. The digested samples were loaded onto 0.8% agar- 
ose gel and the desired fragments were cut out as agarose 
blocks. The DNA was extracted by treatment with beta- 
agarase as detailed before, and quantitated. Ligation reaction 
was set up between double-digested vector and the fragment 
containing the SK-FBD(1,2) cassette using -200 ng of the 
vector and 30 ng of the fragment, 4 ul of the ligasc buffer, 
4 ul of 10 mM rAIP, and -600 Weiss units of ligase in a total 
volume of 40 uL The ligation creation was incubated at .16° 
C-for_12_h. The ligasc.was. inactivated by_ heating the -tube- 
at 70° C. for 10 min then the ligatcd DNA was precipitated 
using n-butanol, air-dried and dissolved in a small volume of 
sterile distilled water. For the transformation step, approx. 
100 ng of the ligatcd DNA was used to transform E. coli 
XL-1 Blue electrocompetent cells which were plated on 
LB- Amp plates. Five colonies were picked up and used for 
plasmid miniprcparations. The plasmid DNAs were digested 
with Ah* II and Fco47 III restriction enzymes separately, 
pBluescript FBD(1,2) and pSKMG400 vectors digested with 
the same enzymes were kept as controls. The digestion 
mixtures were run on a 0.7% agarose gel along with double- 
digested controls. Two clones showed linearization upon 
Fco47 III digestion. Ilie pBluescript F*BD(L2) control also 
showed linearization with Uco 47 III digestion, as expected. 
However, the positive clones were of higher molecular size 
due to the presence of SK. The pSKMG400 did not show 
any digestion with Fco 47 III enzyme. The positive clones 
also gave out an iascrt upon All II digested as anticipated 
from the known presence of a single All II site in SK and 
another in the F*BD(1,2) segment. 

[0156] For the expression of the hybrid SK-FBD(1,2) 
polypeptide, the Bsm l-Not I fragment from pSKMG400- 
I BD(1>2) was transferred into pF'f23(d)SK-N'rR at the 
same sites (see FIG. 19o). Approximately 10 ug of 
pSKMG400-FBD(l,2) plasmid DNA was digested with 15 
U of Not I enzyme in NliB-3 buffer supplemented with 
IxBSA by incubating at 37° C. for 6 h in a 60-ul reaction. 
A second addition of Not I enzyme was again made and the 
reaction mixture was further incubated for another 6 h. A 
small aliquot was removed to check for the completion 
digestion by running an agarose gel. After the Noll diges- 
tion, the DNA was precipitated with ethanol and sod acetate 
(0.3 M). redissolvcd in 20 ul of dLst. water and digested with 
20 U of BsmI enzyme in NLB-2 buffer in a SO-ul reaction 
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at 65° C. for 14 h after overlaying tbe reaction mixture with 
50 ul of mineral oil to avoid evaporation. Similarly, in 
parallel, approx. 5 ug of the vector (pli 123(d)SK-N TR) was 
double-digested with 20 U of Not 1 and 15 U of Bsm! 
enzymes, sequentially, 'The linearized vector, and insert were 
isolated by running a 1% agarose gel and loading the 
above-mentioned digestion mixtures in-well -separated 
wells. *l"be vector and insert bands were cut out from the 
agarose gel using a clean scalpel and the respective DNA 
fragments were puriGcd, quantitalcd spectrophotometries I ly 
and ligated at a molar ratio of 1 :5 of vector insert. Approxi- 
mately 600 mg of the Bsml/NotI double-digested vector was 
ligated with 50 ng of the Hsml/NotI doubles! igested iascrt 
in a 20-ul reaction by adding 600 Weiss units of ligase 
(NI2B) and 2 ul of lOxligasc buffer (also of New England 
biolabs, Inc.) and incubating for 14 h at 16° C. The ligation 
mix was then heat-inactivated at 70° C. and 15 min, and the 
ONA was n-butanol precipitated, air-dried, dissolved in 20 
ul.. of sterile water and approx. one-thirds directly used to 
electro porate E, coli XI ,-1 Blue elcctrocom petent cells. The 
transform ants were selected on Ui-Amp plates. Ten trans- 
formants were picked up and inoculated into fresh KB-Amp 
for plasmid minipreparation. I"he miniprep DNAs were 
digested with Bsral and NotI enzyme along with 
pSKMG400-l ; BD(l,2) as control. 'ITirce clones were posi- 
tive in terms of liberating an insert equal in size to that of the 
insert liberated from pSKMG400 -FBD(1,2). One of the 
clones was then sequenced to confirm the nucleotide 
sequence of the SK-FBD gene (see FIG. 196) and desig- 
nated pC'l , 23(d)SK.Isri T R-imD( 1 ,2). This has been deposited, 
with MTCC under accession No. BPL00I4. The plasmid 
ON A for this clone was transformed into E. coli BL-21 
strain grown in liquid culture and induced for the expression 
of SK-1 BD(1,2) hybrid protein with IPTG, as described 
earlier. Cells from 1 .5 ul of the induced culture were pelleted 
down by centrifugation and were lysed in 100 ul modified 
SDS-PAGli sample buffer; approx. 25 ul tysatc, alongwith 
that from cells harbouring pET23(d) SK-NTR as control was 
analysed on 10% SOS-PAGE gel. Id parallel, cultures were 
also grown where IPTG addition was omitted (uninduced 
controls) and similarly analysed along with induced cultures 
by SOS-PAGE. The gels showed distinct bands of 57 kO in 
the IITG-induced cultures (roughly representing 20% of the 
soluble protein fraction) indicating the hybrid SK-l v BO(l ,2) 



fusion protein had been expressed at high levels intracellu- 
lar!^ In the case of parallel pLdX'OSK-NTR harboring 
cultures, a major band corresponding to 47 kO, the position 
of native SK was observed. 

Example 5 

In-frame Fusion of ON A Segments Encoding 
mm(4,5) at the N-terminal End of the 
Open-reading- frame Encoding for SK, and Cloning 
and Expression of the Hybrid 
Poly nucleotide -construct FBD(4,5)-SIC in E. coli 

[0157] The coastruction of the F13D(4,5)-SK hybrid poly- 
nucleotide ON A was accomplished by the splicing overlap 
extension (SOE) method, a procedure in which two (or 
more) ON A fragments are joined together employing PCR, 
without using cither ONA scission or ligation (in this 
context, reference may be made to the following publica- 
tions: Morton, R. M. Hunt, II. D. f Ho, S. N., Pullen, J. K., 
aod Pease, L. R. 7 1989. Gene 77:61). The two fragments to 
be joined by SOE need to have mutually complementary 
sequences at their respective junctions where the joining is 
to take place so as to form an 'overlap' (see FIG. 20). These 
regions of complementarity can be engineered into the two 
ONA fragments, or 'blocks', to be joined (in the present 
case, the SK and EBO sequences) through separate PCRs 
each employing primers specially designed for this purpose. 
These two PCR -gene rated blocks arc then used in the . 
_ overlap, extension, reaction,, in. a third PCR,_ wherein _the_ 
complementary strands hybridize partially at their 3'-ends 
through the regions of mutual complementarity after strand 
separation (denatu ration) and rc annealing. Thus, these two 
ONA strands act as mcgaprimcrs on each other, and in the 
presence of thermostable ONA polymerase, the 3'-cnds of 
this intermediate are extended to form the full-length (i.e. 
fused) segment, which may then be further amplified using 
the Hanking primers derived from the first two l*CRs used to 
generate the two ONA blocks. The EBO-SK polynucleotide 
fusions were made using four synthetic oligonucleotide PCR 
primers viz, KRG-8, KRG-9, KRG-tl and KRG-12 whose 
sequences and design arc described below (see a FIG. 19 for 
the overall scheme followed for the construction of the 
chimeric gene -construct). 



Upstream PCR-I primer KRG-8; 

Transglutamate recognition site 

150 152 154 

5 ' -CC-ATG— GTG— CAA-GCA— CAA— CAG-ATT— GTA— CCC— ATA-GCT-GAG— AAG-TGT— 3 ' 
Partial Nco I 

site hybridizes to begining of FBP(4> segment 

(codon numbers o£ FBD are shown as per Fig. 6) 

Downstream PCR-I primer KRG-9 : 

sequence complementary to 

codons 1-5 of SK (No. 's indicated 

below) 

5 ' -CTC— AGG— TCC-AGC— AAT-ACG— AAC— ATC— GGT— GAA— GGG— GCC— AGA-T- 3 ' 

5 4 3 2 1 259 . 257 255 253 

sequence hybridizing with end of FBD(5) segment (No.'s 
indicated 

are codons, as per Fig. 6). 
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-continued 



Upstream PCR-II primer, KRG-11 

PBD{5) sequence, as overhang; sequence hybridizing with SK gene; codon No.s 

Codon numbers (cf. Fig. 6) (Cf. Fig. 3) are indicated, 

are indicated. 

5 ' -TTC-ACC— GAT— GTT-CGT— ATT— GCT— GGA— CCT— GAG— TGG— CTG— CTA-GAC— 3 ' 
255 257 259 13 5 7 9 

Upstream PCR-II primer, KRG-12 

5 ' — TGG— TTT-TGA-TTT-TGG- ACT-TAA— GCC -TTG— 3 ' 
62 60 58 56 54 



Note: sequence hybridizing with SK gene (codon No.'s are indicated; see Fig. 3) 



[0158] As can be seen above, the upstream primer, KRCi- 
8, was homologous to the the beginning 18 nucleotides of 
the *anticoding\strand of the FBD-4 encoding ON A and also 
carried at its 5* end non-hybridizing DNA sequences that 
encoded for a Nco 1 site (to facilitate the 'docking' of the 
SOU product into the Nco I site of the expression vector, 
thus recreating the ORF for the l«*BD(4,5)-S.K fusion 
sequences). 'Die upstream primer also contained sequence 
coding for a transglutaminase cross-linking site. The down- 
stream primer KRG-9 was designed to hybridize with the 
end of the IrBD(5) DNA sequence, but also contained at its 
5* non-hybridising end, nucleotides complementary to the 
first 5 codons of the ORF encoding mature S. equisimilis SK 
(seeJ^IG. 6)JIlieJempkte_usedJh^ 

.Block I (see FIG. 20) was FBD(4,5) cloned in pBlueScript 
[pSKMG4O0-FBD(4,5)]. The first PGR (termed PCR-I) was 
carried out using approx. 20 ng template and 30 pmol of 
each primer in a 1 (X) ul-reaction using the buffer provided by 
Stratagcnc Inc., the supplier of the pfu thermostable poly- 
merase. The PGR employed 25 cycles with the following 
conditions: 94° G. for 45 sec (denaturation step) followed by 
50° C. for I min (anncaliDg step), and 72 G. for 1 min 
(extension step). 'I*his was followed by an incubation for 4 
min at 72° C. for extension of any incomplete chains. The 
PGR resulted in the generation of a single species of DNA, 
in according with the size expected from the fusion construct 
(368 bp), as observed by agarose gel electrophoresis; this 
ON A species was isolated from the gel as a small agarose 
block, and subjected to further purification using the agarase 
treatment method, described earlier. 

[0159] For obtaining the DNA Block 11 for the SOU 
reaction, only the region of the SK-cncoding polynucleotide 
DNA corresponding to nucleotide 1 to 186 (approx. corre- 
sponding to the first 63 amino acid residues of SK; see KIG. 
3) was amplified using pSKMG400 as template in PGR II, 
the primer set KRG I t (upstream primer) and KRG 12 
(downstream primer). 'Ifjis region encompasses the unique 
All II site in the SK gene (see KIG. 4). 'I "he upstream primer 
contained non-hybridizing bases that were homologous to 
the. last five codons of the FBD(5)-cncoding DNA (viz., 
codons 255-259), followed by a stretch of bases hybridizing 
to the first 27 bases of the anti-sense strand of the SK- 
cncoding ORF (see KIG. 3). 'I Tic downstream primer con- 
tained sequences hybridizing with the stretch of DNA 
encoding for residues 55-63 of SK containing the All II 
restriction site so that the SOLi product could be docked back 
into the full-length SK-encoding polynucleotide segment 
contained in the vector used for the expression of the hybrid 



gene(see KIG. 2\a). The PGR was carried out essentially as 
described for PGR I, above, except that 90 ng of template 
was chosen and the cycling conditions selected had a lower 
annealing temp. (43° G.) dictated by a relatively lowered T m 
of one of the primers. The PGR gave a single DNA band of 
the expected size (201 bp) on agarose gel electrophoresis, 
which was isolated and purified as for PGR I product (Block 
I). Splice overlap extension reaction (PC:R III) was then 
carried out to obtain the hybrid DNA between the FBD and 
vSK ORFs. In this reaction, approx. equivalent amounts of 
the purified DNAs from PGR I and PGR II were mixed 
together (representing approx. one -fifteenth of the amplified 
DNA obtained from PGRs I and II) in a 100-uL reaction. To 
bring about optimal and specific annealing between the 
hybridizing areas of the two partially complementary strands 
from the FBD(4,5) and SK 1-63 DNA blocks (see KIG. 20) 
(Phase I), the reaction was first carried out in the absence of 
any other primers, using pfu DNA polymerase and the buffer 
specified by its supplier, employing the following condi- 
tions: 98° G. for 2 min, slow temperature decrease (i.e. 
'ramp 1 of 4 min) to 50° G., maintenance at 50° C. for 1 min 
followed by 3 min at 65° G. A *hot start* was used for the 
initiation of the PGR (i.e. the DNA polymerase was added 
into the reaction after all other components had been added 
and thermally equilibrated to the highest temperature in the 
cycle). A total of 10 cycles were carried out first (Phase I), 
to allow formation of overlapped extended products. In the 
second phase, primers KRG 8 and KRG 12 were added 
uuder hot start conditions, and another 25eycles were given 
at the following cycling conditions: 94° G. for I min 
(denaturation step), 40° G. for I min (annealing), followed 
by extension at 72° G. for 1 min to amplify the fusion 
products, f inally, after 10 min at 72° G., an aliquot from the 
PGR was analysed agarose gel electrophoresis. It showed 
the clean appearance of the expected hybrid product (539 
bp) with the absence of any other background bands. 'Ihis 
was isolated from the agarose gel, purified and then kinased 
with T4 phage polynucleotide kinase by standard protocols. 
'Die kinased (i.e. 5 , -phosphorylated) product was then blunt- 
end cloned at the Fco RV site of pBlueScript. Clones 
containing the SOF product were selected by restriction 
enzyme digestion to isolate the inserts and measuring their 
size by agarose gel electrophoresis. The positive clones were 
then scqueuced to confirm the identity of their DNA inserts 
as well as the absence of any rnutations(see KIG. 2\h). After 
Nco I and All 11 digestion of one of these two clones, the Nco 
I- All II fragment carry iug the FBD4(,5)-SK * hybrid poly- 
nucleotide cassette' was ligated wiih Nco I- A II II digested 
SK-expression plasmid (pliT(23d)-SK) and transformation 
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of A*, coli XL-Blue cells was cored out to obtain the hybrid 
FBD(4,5)-SK ORF in this vector (FIG. 2\o). The resultant 
plasmid pE" 173(d)- FB1>(4 ,5 )-SK has been deposited with 
MTCC under accession No. BPF 0015. This plasmid con- 
struct was transformed into E. coli Bl -21 cclLs to monitor 
expression of the hybrid FBD-SK construct from the 17 
RNA polymerase promoter-based vector, as described 
before. The SDS-PAGE geLs showed the expression intrac- 
ellular^ of a protein with the expected MW (approx. 57 kD) 
at a level of around 20 percent of total intracellular, soluble 
protein. 

Example 6 

In-frame Fusion of DNA Segments Encoding for 
FBD Segments 4 and 5 at Both the Ends of the 
DNA ORF Encoding for SK, and (Honing and 
Expression of the Hybrid Polyuucleotide-construct 
so Formed, FBD(4,5)-SK-FBD(4,5), in E. coli 

[0160] 'J*he steps involved in the construction of a SK- 
FBD polynucleotide hybrid wherein the FBD(4,5) domains 
were fused in-frame simultaneously at both ends (i.e. the N- 
and C-tcrraini) of the SK-encoding ORF [i.e. FBD(4,5)-SK- 
FBD(4^)] arc shown schematically in FIG. 22a. It is based 
on the cloning of the FBD(4,5)-SK(l-57 residues) cassette 
obtained from pBlueScript-FBD(4,5)-SK vector, described 
in Example 5 (above), into pE T-{23d>SK-FBi;>(4,5) at the 
beginning of the ORF for SK. Approximately 5 ug each of 
pET(23 d)SK-FBD(4,5) and pB1ueScTiptFBD(4,5)-SK plas- 
mid DNA were digested witrTAfTn and Nco*l~rcstfictibn 
endo nucleases and the digests were electro phorcsed on 1 .2% 
agarose gels alongwith standard DNA size markers by 
standard methods. In each case, two fragments were 
observed, corresponding to the vector DNAs (expected size, 
5012 bp) devoid of the Nco I-Afl II fragment, and the latter 
fragment [approx. 520 bp in the case of pBlucScriptFTID(4, 
5)-SK and 140 bp in case of pET-(23dXSK-FliD(4,5)] 
released from the parent vectors as a result of the double- 
digestion (see FIG. 22a showing the Afl II and Nco I sites 
in the two vectors). The Ncol-Afl II fragment from pBtue- 
Script FBD(4,53SK, containing the FBD(4 v 5)-SK(l-57 resi- 
dues) cassette, to be used as insert, and the NcoI-AllII 
digested vector DNA from pET-(23d)SK-FBD(4,5) were 
Isolated from the agarose gel and purified. Both fragments 
were then subjected to ligation using T4 DNA ligasc under 
standard conditions using a molar ratio of 1 :2 of vector to 
insert DNA. The ligation mixture was then transformed into 
electrocompctenl E. coil XI.-- 1 Blue cells. P<>sitive clones, 
with both ends of SK fused with the FBD(4,5) domains, 
were selected on the basis of difference in size from the 
parent vectors, as well as to ability to yield the expected 
fragment (containing FBD sequences at both ends of the 
insert) after digestion with Nco I and Bam III enzymes (see 
FIG. 22a). 1 ne veracity of the constructs was then estab- 
lished by subjecting one of the selected clones to automated 
DNA sequencing using Sanger's di-deoxy method to 
sequence the entire hybrid ORF* (see FIG. 22b). This dem- 
onstrated that the construct had the expected design and 
sequence, with one 'set' of FBD4,5 domain fused at the 
beginning of the SK-encoding polynucleotide, and another 
a I its end (i.e. after DNA encoding for residue 383). Ill is 
plasmid couslruct has been designated pE"l'23(d)l ; liD(4,5)- 
SK-FBD(4.5)], and deposited with MTCC (Accession No. 
BPF 00.1.6 in host /•;. coli XI. -Blue). It was also used to 



transform E. coli strain HI -2 1 elcctro-compcleni cells, in 
order to express the FBD-SK-FBD hybrid construct intrac- 
ellular ly in coli. 'I*he hybrid gene was then expressed in 
E. coli i n trace Hu la rly after induction with IPTCi exactly as 
described earlier, and the cell lysates analysed by SDS- 
PAGE. These showed the expression of a polypeptide of 
approx: MW 65 kD as expected from the incorporation of 
the two FBD segments at each ends of the SK (1-383) gene. 
'I*bc level of expression of this protein was observed to be 
approx. 20-25 percent of the total soluble protein fraction. 

Example 7 

Purification of Various (Hiimeric Constructs Formed 

SK and FBDs after Expression in E. coli and 
Refolding, and Testing of JTieir Affinity for Human 
Fibrin 

[0161] Fifty ml FB-Amp (containing 100 ug/ml of ampi- 
cillin per ml) were seeded with E. coli cells harbouring 
either pET23(d)-SKFBD(4,5), pE T23(d)-SKFBD(1,2), 
pET-23(d)ITCD(4,5)-SK or pET23(d>FBD(4,5)-SK-imD(4, 
5) plasmid constructs in separate II asks (150 ml capacity). 
'I*he inoculation was done from the respective glycerol 
stocks, and the culture was incubated at 37° C. for 12 h on 
a rotary shaker (200 r.p.m.). This pre-inoculum was used to 
seed fresh FB-amp at 5% (v/v) level (one liter total for each 
type of E. coli BF-21 cells harbouring one of the different 
plasmid constructs described above with 500 ml medium per 
2 liter conical flask), and the cultures shaken as above at 37° 
C. forapprbx: 2 h 30 minTat which time tbeOD600 of the 
cultures had reached a value of 1 .0-1.1. The expression of 
the chimeric SK/FBD polypeptides in the cultures were then 
induced by the addition of IPTG to I mM, and continuing 
further the incubation for another 3 h. Oils from all four 
cultures were then harvested by high-speed centrifugation 
(8000 gx30 min) at 4° C, and washed once with 500 ml cold 
ST buffer (pi I 7.5). Finally, each cell pellet was suspended 
in cold 15 ml ST buffer, pM 8.0. I*be wet-weight of the 
pellets obtained from 1 liter cultures varied between 4.3-4.5 
g. Each cell-suspension was then subjected to ultra -sonica- 
tion to effect cell- lysis using standard methods. 'Die lysates 
so obtained (approx. 28 ml each) were subjected to high- 
speed centrifugation at 4° C. to pellet any unlysed cells 
and/or cell debris. The protein cone, in the supernatanls 
varied between 15.0 to 16.0 mg/ml. These were then diluted 
to a final protein of 1 mg/ml using distilled water, together 
with the addition of the following additional components 
(final concentrations in the diluted mix are given): Tris-CI, 
pH.8.0, 50 mM; NaQ 150 mM; EDTA 1 mM; mixture of 
reduced and oxidized glutathione 123:50 mg. To these 
refolding mixtures (approx. 400 ml each) were then added 
30 ml (packed volume) of fibrin-Sepharose beads pre- 
equilibrated with 50 mM Tris-CI, pll 8.0. The mixtures were 
at 22° C. for 16 h to effect reox id ation/re folding. The 
solutions were then passed through 50 ml-volume axial glass 
columns fitted with fritted glass disks (to retain the 
Sepharose-beads). 'Die packed fib rin-Seph arose beds were 
then washed with approx 170 ml binding buffer (50 mM 
tris-Cl, pll 8.0, and 150 mM NaCl), followed by 100 ml or 
2 M urea (in binding buffer), and finally the fibrin-bound 
protein was eluted with 6 M urea (in binding buffer). All the 
wash ing/clu lion steps were carried out at a How rate of -30 
ml/h using a peristaltic pump assembly. I lie chromato- 
graphic profile in case of SK-FBD(4>5) librin-Sepharose 
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affinity purification, aud analysis of the different fractions, 
arc shown on HO, 23. Similar results were obtained in case 
of the other SK-FBD constructs. A total of 3.8 mg of protein 
was e luted alongwith the 6 M urea-wash in the case of 
SK-FBD(4,5), whereas for SK-FBD(1,2) approx. 4 mg, for 
FBD(4,5)-SK 3.5 mg, and for Fim(4,5)-SK-FB 0(4,5) 6.2 
mg of protein was obtained at the 6 M urea elution step. In 
case of the SK control, no protein was found to elute 
alongwith the 6 M urea. The removal of the urea, and 
concentration of the protein, was effected by ultrafiltration 
through 1.0 kD cut-off membranes. Aliquots of each of the 
four fibrin-specific SK-FHD chimeric products were then 
subjected to SOS- PAGE analysis on 10 percent acrylamide 
gels with and without reduction with hcta-mercaptocthanol 
to determine their relative purities as well as monomeric/ 
polymeric character. Standard molecular weight marker 
proteins as well as pure native SK from S. eqiiisimilis were 
also run on the same gels. The SOS-PAGE analysis, either 
in the presence or absence of reducing agent, showed all of 
the fibrin-Sepharose clutcd chimeric product to be essen- 
tially pure and monomeric; in all cases, a single prominent 
band stained with Cooroassie Blue and very few faint 
background bands visible (not more than 2-5% cumula- 
tively), 'ITie MWsof the refolded protein were completely in 
accord with those from theoretical considerations i.e. 
extrapolated from the MW of individual domains of FBD, 
the SK portion, and linker sequence, if present. The SK- 
FBD(4,5) and SK-FBD(I,2) bands moved with the same 
mobility on SOS-PAGE, with an apparent MW of around 55 
kQ;iiowcver^me.EBD^4^)=SK co 

lowered mobility as compared to either SK-FBD(4,5) or 
SK-FBD(1,2). This was in accord with the fact that whereas 
the former two hybrid constructs contained approx. 31 
amino acid residues 1 deletion at the C-terminal end of the 
SK moeity of the hybrid, the FBD(4,5)-SK construct had 
full-length SK integrated in its design (see Examples, 
above). The I ; BO(4,5)-SK- 1*1*0(4*5) construct, containing 
four FBDs alongwith SK, moved with a MW corresponding 
to 60 kO on SOS-PAGE. In the absence of beta-mercapto- 
ethanol, the MW's calculated for all four hybrids were 
approximately the same as observed in the presence of 
beta-mercaptoethanol, indicating that the constructs 
obtained after refolding and binding with fibrin-Sepharose 
contained essentially monomeric forms of the polypeptides. 

[0.1 62] 'ITie specific activities of the purified protein for PG 
activation, as determined by the chromogenic assay were: 
2.2x10* l.U./mg for SK-EBO(4,5), 1.8x.1.<r* I.U./mg for SK- 
FBD(1 ,2), 4x1 (f l.U./mg in case of FBD(4,5)-SK and 5x1 tf 2 
I.U./mg for FBD(4,5)-SK-FBD(4,5), respectively. Under the 
same conditions, native S. equisimilis SK, or SK purified 
from /-.*. call (Met-SK) as described in Fxample 2, above, 
showed a much higher activity (— i.OxlO 5 I.U/mg). Itie 
reason for the apparently lowered specific activities in case 
of I he chimeric proteins was revealed when these were 
assayed by a single -phase, continuous sped rophoto met ric 
assay by. directly determining their rates (slopes) for MPG 
activation by standard methods (Wohl, R. C, Summaria, I „, 
and Robbins, K. C, 180,7. Biol, Chern. 255:2005). These 
assays revealed that whereas native SK or coli-ox pressed 
Met-SK did not display an appreciable lag in the progress 
curves obtained for the PCS activation reactions (less than I 
min), all of the hybrid proteins displayed significaut initial 
periods in their PG activation profiles (varying from 7 to 25 
min depending on the construct) wherein little or no plasmin 



formation occurred. However, after the initial lags, the PG 
activation proceeded with a high rate, generating slopes 
closely similar to those obtained with native SK(sce below). 

Example 8 

Functional Characterization of the Chimeric 
Proteins in Terms of Their Altered Kinetics of 
Plasminogen Activation and Fibrin Clot Dissolution 

[01 63] \*bc proteins prepared in Fxample 7, above, as well 
as native and Met-SK (as controls) were examined with 
respect to their PG activation kinetics. This essentially 
entailed the study of the time-course of PG activation by the 
various SK/FBD chimeras and the determination of their 
steady-state kinetic constants for PG activation. A one-stage 
assay method was used to measure the activation of I IPG; 
reference in this context may be made to several publica- 
tions in the literature e.g., Shi, G. Y, Chang, B. I., Chen, S. 
M., Wu, 0. II. and Wu II. L., 1994, Biochetn. J. 304:235; 
Wu, 11. L., Shi, G. Y., and liender, M. L., 1987, Pttjc. NatL 
Acad. Sci. 84: 9292; WohJ, R. C, Summaria, I and 
Robbing, K. C, 1 980, J. Biol. Chem. 255: 2005; Nihalani, 
D., Raghava, G. P. S., Sahni, G., 1997, Prot. Sci. 6:1284). 
Briefly, it involved the addition of the activator proteins to 
be studied in a small aliquot (~5 ul) into 100 ul-volume 
microvette containing 1 uM of HPG in assay buffer (50 mM 
Tris-CI buffer, pll 7.5, containing 0.5 mM chromogenic 
peptide substrate and 0.1 M NaCl). The protein aliquots 

_were_added_after_addiUon_oiLa^ 

cuvette and bringing the spectrophotometric absorbancc to 
zero. The change in absorbance at 405 nm was then mea- 
sured as a function of time in a Shimadzu UV-160 model 
spectrophotometer (MG.) While SK showed a rapid PG 
activation kinetics, the kinetics for SK-KBD chimeric pro- 
tein [shown for SK-FHD(4,5) in MG. ] displayed a charac- 
teristic lag, or delay, in the initial phase of the rate of PG 
activation that was clearly different from the rates seen with 
SK. 'Oil's property vi/,., initial delay in HPG activation, as 
well as its magnitude, was largely independent of the 
amount of the chimeric protein employed in the assay, as 
well as the concentration of HPG in the reaction. Another 
notable feature was that the lag-times associated with the 
different chimeric proteins under the same conditions. In the 
case of SK-FBO(l,2) and SK-FBD(4,5) the lag period 
corresponded to 10-12 min, for FBD(4,5)-SK. 7-8 min, and 
20-25 min in case of l'BO(4,5)-SK-FB 0(4,5). Uuder the 
same conditions. (~1 uM IIPG, 1-2 nM of protein), native 
SK or Met-SK displayed very little lag period (i.e. less than 
1 min duration) during l*G activation. 

[0164] 'ITie mechanism of the initial lag in the various 
SK-FHD chimeras was investigated by examining the SOS- 
PAGF profiles of various aliquots withdrawn from plasmi- 
nogen activation reactioas withdrawn at different time- 
intcrvals after the mixing of SK or SK-FBD chimeric protein 
with human PG. 'Inese showed that the appearance of rapid 
PG activation following the lag period closely coincided 
with the cleavage of the ITOD portion from the rest of the 
molecule (SK portion) as evidenced by a reduction of the 
molecular weight of the hybrid. ITtat the proteolysis was 
mediated by trace amounts of plasmin in the system was 
evident by I he observation thai either removal of trace 
plasmin by passage of the human PG through soybean 
trypsin inhibitor agarose (a material that selectively binds 
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plasm in and docs not bind plasminogen) led to very high 
periods of lag for all of the hybrid proteins [viz., from 10- 1 2 
min 10 approx. 25 min for SK I HI) (1,2), SK-FBD(4,5, and 
l'HIX4 r 5)-SK, to approx. 35 min Tor ]< 1 I1I)(4,5)SK-1*I1D(4,5) 
from an initial value of approx. 20 min. Alternatively, the 
addition of small quantities of preformed human plasm in 
into Ihe PG aclivation reactions (made by the conversion of 
PG to plasmin with agarose- immobilized urokinase) con- 
siderably enhanced the tag periods associated with the 
different SK-1 ; W) chimeras. 

[0165] To determine the steady-state kinetic parameters 
for UPG activation of the activated forms of the hybrids, 
fixed amounts of SK or SK-FBD chimeric protein (1 nM) 
were added to the assay buffer containing various concen- 
trations of UPG (ranging from 0.035 to 2.0 uM) in the 100 
u! . assay micro-cuvette as described above. The change in 
absorbance (representing velocity, v) was then measured 
spectrophotometry Uy at 405 nM for a period of 30 min. at 
22° O. All determinations were done in triplicates and their 
averages taken for analysis. The kinetic parameters for HPG 
activation were then calculated (using the linear portion of 
the progress curves) from inverse, I Jncweaver-Burke plots 
using standard procedures (Wohl, R. C, Summaria, T,., and 
Robbins, K. C, 1980., J. iiioL Chem. 255: 2005), the l/v 
value is plotted on the ordinate axis and 1/S value is plotted 
on the abscissa, S representing the (varying) concentration 
of substrate (HPG) employed for the reaction/s. From these 
plots, the for HPG (Kp ls ) and maximal velocities (at 
saturating HPG concentrations) were determined (set forth 
in "the" following Table): 

[0166] 'ITiesc data clearly show that once fully activated 
after completion of the initial lag, all the chimeric constructs 
became significantly active in terms of their PG activation 
abilities in comparison to SK. 

TABLE 



Steady-state kinetic parameters for IDXi activation by SK aod 
SK-I'lin hybrid proteins* 



Activator kplg l<ag 

protein (uM) Maximal activity* (min) 



nSK 


0.14 


± 


0.02 


100.0 


.1.0 


Mct-SK 


<U8 


±. 


0.01 


95.5 ± 52.0 




SK-KBIX4,5) 


0.15 


a: 


0.02 


52 ± 4 


10.0 


SK-FBI>(1,2) 


0.18 


± 


0.03 


58 ± 5 


10.5 


I'BI)(4 r 5)-SK 


0.16 




0.02 


65 ± 4 


8.0 


FBI >(4.5>SK-FHI >(4J>) 


n.20 


± 


0.03 


45 ± 4 


18.0 



•"ITie parameters were calculated from the linear phases of the reaction 
progress curves after the abolishment of the lag phases. 
*l*jcprcsscd relative to the activity of native SK from Streptococcus sp. 
(AIXX: 12449), taken as 100 percent. 



[0167] In a separate series of experiments, the rates of 
proteolytic dissolution of radio labelled fibrin clots in vitro 
was examined to lest whether, like native SK, the SK-I'BD 
chimeric proteins could also efficiently break down fibrin to 
soluble products, a fundamental biological property of all 
thrombolytic agents, and also to examine if the altered PG 
activation kinetics observed with synthetic peptide substrate, 
described above (i.e. slow initial rates, followed by rates 
close to those observed for native SK) were a 1st* reflected at 
the level of clot lysis. 

[0168] Radioactive fibrin clots were first prepared by 
mixing 400 ul of cold fibrinogen (2.5 mg/ml stock) with 50 



ul of 1Z5 I -labelled fibrinogen containing 9x10 s cpm (specific 
activity 7.2x10 s cpm/ug protein) and adding to a solution 
(150 ul) containing 1.00 ug UPCi and 0.25 N.I.II. units of 
thrombin (Sigma). All solutions were made in 0.1 M citrate 
phosphate buffer, pi I 7.5, containing 0.8 percent BSA(BSA- 
citrale buffer). The final volume of the clotting reaction was 
adjusted to a total volume of 1 ml with BSA-citrate buffer. 
'I*he clot was formed by incubating the mixture in a glass 
tube at 37° O. for 2 min. The clot was then washed thrice 
with 2 ml of l*NT buffer (50 mM Tris-a buffer, pll 7;5, 
containing 38 mM NaCl and 0.01 percent Tween-80) for 3 
min at 37° C. When required non-radioactive fibrin clots 
were prepared exactly as described alxrvc but omitting the 
inclusion of 125 I-lahelled fibrinogen from the clotting mix- 
ture. 'ITie effect of the thrombolytic agent (native SK or 
SK-1 ; BD hybrid) was then studied in terms of release of 
radioactivity from the clot kept cither in a plasma milieau or 
in presence of excess human fibrinogen as described below. 

[0169] Clot lysis of pre-formed fibrin clots suspended in 
human plasma was carried out by suspending i:5 I-labclled 
and extensively washed clots in 2 ml citrated human plasma, 
prc-warmed at 37° C, and adding different amounts of cither 
SK or a given SK-FBD-hybrid protein. The reaction tubes 
were rotated slowly at 37° C. in a water bath and 0.1 ml 
aliquots of the soluble fraction were removed at regular 
intervals to measure the - l25 I -fibrin degradation products 
released by measuring the amount of radioactivity using a 
gamma counter. The total radioactivity in each clot was 
determined by measurin g the radioac t ivity of the respective 
tube before withdrawing any aliquot prior to the addition of 
thrombolytic agent. A comparison of the dissolution kinetics 
of radio-labelled fibrin clots by native SK and the various 
SK-FBD chimeric proteins in plasma milieau also clearly 
showed that the lag displayed by the latter during the PG 
activation assays was essentially preserved during clot lysis 
also. While SK caused relatively rapid dissolution of the 
fibrin and a plateau ing of the dissolution reaction at or 
around 15 min, a prolonged lag in the case of the SK-FRD(4, 
5) hybrid protein (approx. 10 min) was evident at the same 
protein concentration (representative data for these two 
proteins are shown in FTG. 24). In the case of the other 
hybrids, the lag-times in plasma were essentially as seen 
with PG activation assays viz. 10 min for SK-I*BD(1,2), 8 
min forl*BD(4,5)-SK, and 18 min for FB»(4,5)-SK-FBi;>(4, 
5). 

[0170] Clot lysis in the presence of an excess of human 
fibrinogen was also carried out by measuring the rate of 
dissolution of radio-labelled fibrin clot by SK or SK-lvBD 
protein in the presence of various concentrations of human 
fibrinogen (1 -4 mg/ml) and 100 nM of cither SK or SK-FBD 
hybrid protein. Clot lysis was also performed in the presence 
of fixed fibrinogen concentration (2 mg/ml) but employing 
different concentrations of SK/SK-FBD protein (ranging 
from 50 to 200 nM). The reactions were incubated at 37^ C. 
in a water bath with gentle shaking, and the release of 
l25 I-tibrin degradation products as a function of time was 
measured in the supernatant, as described above. All of the 
hybrid proteins were able, like SK, to dissolve the fibrin 
cloLs in a dose -de pendent manner; however, there was a 
distinct lag in the case of the SK-IHiD hybrids closely 
similar to that seen with clot lysis in plasma milieau. 'I*be lag 
period varied with construct design viy.., in case of SK an 
absence of any appreciable lag was observed (less than 2 
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min.). Tbe lag times for SK-H)D(4,5) and SK-FHD(I,2) 
were 10-11 min; for Wm(4,5)-SK 7-8 min; and 18-20 min 
Tor l'liD(4^)-SK-!-HD(4,5). 

Advantages of Ihe Invention 

[0171] 'l*he advantage of the present invention lies in its 
disclosure of the design of structurally defined SK-FHD 
chimeric polynucleotide DNAs in which the translational 
in-frame fusion of the DNAs encoding SK, or its modified 
forms, and those for tbe minimally essential human 
l ; ibronectin gene that are capable of possessing significant 
fibrin affinity on their own, such as those FttDs that possess 
independent fibrin binding capability (e.g., "finger" domains 
4 and 5 of human fibronectin) has been carried out in such 
a manner that the polypcptide/s expressed from these poly- 
nucleotide constructs possess fibrin affinity (which SK, on 
its own, docs not possess) together with a delayed PG 
activation kinetics (unlike SK which show an immediate 
activation of PG). 

[0172] 'llie simultaneous presence of the a fore -mentioned 
properties in the same PG activator confers distinct advan- 
tages into the resultant proteins. Soon after injection into the 
body, whilst the chimeric PG activator protei as are still in an 
inactive or partially active state, they will bind to the 
pathological fibrin clot during their sojourn through the 
vascular system in an inactive/partially active state. How- 
ever, after au initial lag, these will become fully activated in 
the immediate vicinity of the clot, thereby obviating the 
. s ystemic PG activation coincident with natu ral SK admin ^ 
Lstration. Whilst the former property would be expected to 
confer on the thrombolytic agent/s an ability to target itself 
to the immediate locale of the pathological clot and thus help 
build up therapeutically effective concentrations of the acti- 
vator therein, the initially slowed kinetics of PG activation 
would result in an overall diminished generation of free 
plasm in in the circulation prior to their localization to the 
site of circulatory impedance induced by the pathological 
fibrin clot. 'I*he net result shall be a continued and more 
efficient fibrinolysis at the target sustained by considerably 
lowered therapeutically effective dosages of the throm- 
bolytic agent. 

1. A hybrid plasminogen activator comprising a polypep- 
tide bond union between streptokinase (SK), or modified 
forms of SK, or suitable parts thereof, which are capable of 
plasminogen (PG) activation, with fibrin binding regions of 
human fibronectin selected from the pair of fibrin binding 
domaias 4 and 5, or domains I and 2, or modified forms 
lhereof,to achieve various motifs for joining the fibrin bind- 
ing domains with streptokinase or its modified forms, so that 
the hybrid plasminogen activator possesses the ability to 
bind with fibrin independently and also characteristically 
retaias a plasminogen activation ability which becomes 
evident only after a pronounced duration, or lag, after 
exposure of the plasminogen activator to a suitable animal or 
human plasminogen. 

2. A hybrid plasminogen activator as claimed in claim 1 
claim the streptokinase molecule bind with the fibrin binding 
regions of human fibronectin selected from the part of fibrin 
binding domains 4 aud 5, domains 1 and 2 or modifications 
thereof as depicted in KTG. 1. 

3. A hybrid plasminogen activator as claimed in claim I 
which carries out plasminogen activation only after a lag 



period varying between 5 and 30 minutes after exposure of 
the plasminogen activator to a suitable animal or human 
plasminogen 

4. A DNA segment encoding the hybrid plasminogen 
activator as claimed in claims 1 and 2. 

5. An expression vector containing a DNA segment as 
claimed in claim 3. 

6. Prokaryotic or eukaryotic cells, traasformed or trans- 
fected with expression vectors as claimed in claim 4 and 
capable of expressing the hybrid plasminogen activators as 
claimed in claim I . 

7. A method for the preparation of hybrid plasminogen 
activator exhibiting plasminogen activation characteristics, 
said method comprising the steps of: 

(a) Preparing a first DNA encoding a nucleotide sequence 
for strepptokinasc or any of its modified forms, by 
conventional biochemical or chemical methods or 
appropriate combinations thereof, to produce a trans- 
lational product which is a polypeptide that can activate 
plasminogen 

(b) Preparing a second DNA polynucleotide by known 
biochemical or chemical methods or appropriate com- 
binations thereof, that encodes for the fibrin binding 
domains selected from the pair of fibrin binding 
domains 4 and 5, or domains 1 and 2, or their modified 
forms, that arc capable of conferring afllnity and/or 
specificity for fibrin, and linking these to another DNA 
molecule that is capable of undergoing multiplication 
in a suitable host cell, 

(c) Construction of hybrid polynucleotides, between the 
first DNA encoding for streptokinase, or its modified 
forms, that encode for a polypeptide capable of plas- 
minogen activation, with the second DNA encoding for 
the fibrin binding domains (FHD) of fibronectin by 
conventional methods, in the native translational eodon 
frame starts with an initiator codon, and joining of the 
hybrid polynucleotide into a recipient DNA molecule, 
such as a plasm id capable of autonomous replication in 
a host cell, or capable of integrating into the genomic 
DNA of a suitable host cell, and expressing the hybrid 
protein therein, 

(d) Introducing the DNA containing the hybrid polynucle- 
otide constructs obtained in step (c) into an appropriate 
host, selected from the group comprising coli, Bacil- 
lus sp., yeast, fungus, plant, animal cell by conven- 
tional methods, 

(e) Culturing the host cells expressing the SK-ITOD chi- 
meric polynucleotide using known procedures, 

(0 Isolating components of the culture, selected from 
extracellular fluid from fermentation, intracellular 
milieau of the host cell or combinations thereof, that 
harbour the expressed chimeric polypeptide in an 
enriched form, and then partially purifying the chimeric 
polypeptides using conventional procedures selected 
from tbe group comprising centrifugal ion, ultrafiltra- 
tion, precipitation with salts or organic solvents etc, or 
chromatography on suitable media, or combinations 
thereof, 

(g) Refolding the hybrid polypeptide to a biologically 
active and structurally intact form, if required, 
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(h) Further purifying the biologically active hybrid 
polypeptide from the relatively crude or partially pure 
material/s or cell-free lysate obtained at step (f), or (g) 
above, after refolding, using conventional methods of 
protein purification, or by affinity chromatography on a 
suitable matrix comprising immobilized fibrin or 
fibrinogen, or specific antibodies that recognize and 
bind with the active, biologically active hybrid pro- 
teins, 

8. A method as claimed in claim 7 which includes DNA 
segmcnts/polynuclcotide blocks encoding the polypeptides, 
plasm ids containing these genetic elements capable of their 
expression iuto protein, as well as microorganisms or other 
suitable host cells transformed with these plasmids. 

9. A method as claimed io claim 7 in pure and biologically 
active form for clinical and research applications. 

10. A method as claimed in claim 7 wherein large quan- 
tities of streptokinase or modifications thereof are produced 
using an altered polynucleotide block for streptokinase or its 
modified forms, and obtain these in a pure and biologically 
active form. 

M. A method as claimed in claim 7 wherein the 5'-end of 
the streptokinase encoding polynucleotide utilized for 
expression of streptokinase or its modified forms such as the 
streptokinase FBD chimeric polypeptides, is modified, as 
exemplified by the DNA sequence provided in FIG. 13, by 
conventional methods such as mutagenesis, biochemical or 
chemical DNA synthesis techniques, or their combinations, 
such that the secondary structure-forming capability (e.g., 
the intramolecular hydrogen bonding capability) of- its Iran- — 
script is diminished, resulting in increased efficiencies of 
expression of SK or its modified forms such as SK-FHD 
chimeras in the heterologous host cell. 

12. A method as claimed in claim 7 wherein the 5'-cnd of 
the SK-cncoding DNA or its modified forms such as the 
SK-l'HD chimeric polypeptides, is modified by mutagenesis 
by knowu biochemical or chemical DNA synthesis tech- 
niques, or a suitable combination thereof, in such manner 
that the codons utilized in the DNA polynucleotide are 
compatible with those frequently utilized in E. coli or the 
host cell used for the expression of the genes. 

13. A method as claimed in claim 7 wherein the DNA 
encoding those fibrin binding domains that possess indepen- 
dent fibrin binding capability arc fused in the correct trans- 
lational frame at the 5 ! -cnd of the SK-cncoding DNA, after 
a translational start codon, and then expressed into protein of 
the form exemplified in FIG. 1C, refolded oxidatively and 
isolated in the purified form to obtain the desired charac- 
teristic in the chimera viz, characteristic PG activation 
properties characterized by an initial lag in the PG activation 
rates together with significant fibrin affinity. 

14. A method as claimed in claim 7 wherein the fibrin 
binding domains are fused in-frame at the ("-terminal end of 
the SK, or its modified form, to obtain a hybrid SK-librin 
binding domain protein that contains selected fibrin binding 
domains at the C-tcrminal end of the SK portion of the 
chimera after expression of the hybrid DNA in a suitable 
host cell, as exemplified in FIGS. I A and 1 B, to obtain the 
desired characteristic in the chimera viz, characteristic PG 
activation properties characterized by an initial lag in the PG 
activation rates together wilh significant fibrin afllnity. 

15. A method as claimed in claim 7 wherein the fibrin 
binding domains are fused through polypeptide linkage al 
the ( -'-terminal end of the SK devoid of upto 45 amino acids, 



preferably 3.1 amino acid residues. 'I"bus, a hybrid SK-lHiD 
protein is generated that contains selected fibrin binding 
domains fused at the C-terminal end of a SK, thus yielding 
a chimeric protein that has both fibrin afllnity as well as 
delayed PC 5 activation properties. 

1 6. A method as claimed in claim 7 wherein fibrin binding 
domains are fused at both the ends of SK, or its modified 
forms that retain a plasminogen activator ability, simulta- 
neously (in the configuration represented as 'FBD-SK- 
FBD*; as schematically depicted in FIG. 1, 1>) to achieve the 
desired functionality in the hybrid construct viz, character- 
istic plasminogen activation properties characterized by an 
initial lag in the PG activation rates together wilh significant 
fibrin affinity. 

17. A method as claimed in claim 7 wherein the novel 
chimeric poly peptides are expressed in E. coli or other 
suitable host cells. 

18. A process as claimed in claim 7 wherein SK or its 
truncated form/s arc fused through polypeptide linkages 
with the fibrin binding domains known to possess indepen- 
dent fibrin binding capability through a short linker peptide 
region comprising of a stretch of amino acid sequence that 
is not conformational ly rigid but Is flexible, such as those 
predominantly composed of Gty, Ser, Asn, Gin and the like 
amino acids. 

19. A method as claimed in claim 7 wherein SK or its 
modified forms are fused with fibrin binding domains 
through a "linker" peptide composed of amino acid 
sequences that" provide varying levels of local-conforma- 
tional flexibility by incorporating sequences that fold into 
relatively rigid secondary structures such as beta-turns so as 
to obtain different chimeric PG activator proteins with 
desirable initial lag-times in their plasminogen activation 
kinetics. 

20. A method as claimed in claim 7 wherein ihe host E. 
coli cells are lyscd by chemical treatment such as chaotropic 
salts e.g. guanidinium hydrochloride and the like, to effect 
the liberation of the SK or its modified chimeric forms, 
followed by purification using conventional methods. 

21. A method as claimed in claim 7 wherein the crude 
ccll-lysales obtained, using either conventional methods or 
by employing chaotropic salts, from cells elaborating the 
chimeric polypeptides are subjected to air oxidation to refold 
the chimeric polypeptides to their biologically active con- 
formations containing the native cystine connectivities. 

22. A method as claimed in claim 7 wherein the crude 
cell-lysatcs obtained using cither conventional methods 
selected from the group consisting of enzymatic lysis of 
cells, ultrasonic lysis, lysis by mechanical means or by 
employing chaotropic salts, from cells elaborating the chi- 
meric polypeptides are subjected lo oxidation and refolding 
using a mixture of reduced and oxidized glutathione of a 
suitable redox potential that allows the chimeric polypep- 
tides to refold to their biologically active conformations. 

23. A method as claimed in claim 7 wherein the refolding 
' reaction is carried out in the presence of immobilized fibrin 

to promote a more efficient ligand-induced refolding of the 
epitopes responsible for fibrin afllnity in the said chimeric 
polypeptides, and consequently higher yields of the biologi- 
cally active chimeric protein constructs. 

24. A method as claimed in claim 7 wherein Ihe biologi- 
cally active chimeric polypeptides are purified selectively 
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from other proteins, or unfolded SK-l ; UO polypeptides, by 
affinity chromatography on immobilized fibrin(ogeD) e.g. 
fibrin- or fibrinogen-agarose. 

25. A method as claimed in claim 7 wherein the SK-FHO 
hybrid polypeptides arc expressed in K. coli using known 
plasm ids under Ihe control of strong promoters, such as lac, 
Ire, lrp/17 RNA polymerase and the like, which also contain 
other well known features necessary to effect high level 
expression of the incorporated DNA polynucleotides encod- 
ing for the hybrid Streptokinase-fibrin binding domain 
polypeptides e.g. Shine-Delgarno sequence, transcription 
terminating signals etc. 

26. A method as claimed in claim 7 wherein SK or its 
truncated forms are fused either at the amino- or C-tcrmini, 
or both, through polypeptide linkages with the I'BDs known 
to possess independent fibrin binding capability, such as 
domaias 4 and 5, through short 'linker* regions, as described 
above, that contain amino acid scquence/s providing varying 
levels of local conformational flexibility to the linker seg- 
ment between the SK and l ; HD portions of the hybrid 
protein/s. 

27. A method as claimed in claim 7 wherein various 
chemical or physical agents, such as iso-propyl-bcta-D-thio 
galacto pyranoside (IF1CJ), lactose, low or high temperature 
change, change in salt or pi I of medium, ethanol, methanol, 
and the like, are to induce high levels of the SK or the 
various hybrid polypeptides in the host cell in which the 
hybrid polynucleotides are being expressed. 



28. A method as claimed in claim 7 in the hybrid SK-ITOD 
polynucleotides are expressed in E. coli. 

29. A method as claimed in claim 7 wherein the /£. coli 
cells are lysed by chemical treatment such as the use of 
chaotropic salts e.g. guanidinium hydrochloride and the like, 
to effect the liberation of the SK or its modified hybrid 
forms, which are then purified using conventional proce- 
dures. 

30. A method as claimed in claim 7 wherein the host E. 
coli cells are lysed by chemical treatment such as chaotropic 
salts e.g., guanidinium hydrochloride and the like, to elfcct 
the liberation of the SK or its modified chimeric forms, 
followed by purification using conventional methods. 

31. A method as claimed in claim 7 wherein a chimeric 
plasminogen activator protein is used as a medicant for the 
treatment or prophylaxis of thrombolytic diseases, the said 
activator may be formulated in accordance with routine 
procedures as pharmaceutical composition adapted for intra- 
venous administration to human beings, and may contain 
stabilizers such as human scrum albumin, mannitol etc, 
solubilizing agents, or anesthetic agents such as lignocaine 
and the like. 

32. A pharmaceutical composition comprising a hybrid 
plasminogen activator and stabilizers such as human scrum 
albumin, mannitol etc, solubi/ing agents anesthetic agents. 

* * * * * 
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